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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide in a simplified way a pn junction type 
compound semiconductor light emitting device presenting multi^ wave length 
luminescence. 

SOLUTION: In a light emitting device having a first bartiier layer made of an -i $ ? ...^.•4:®. 

undoped first conduction type boron phosphide semiconductor formed on a 
substrate and a light emitting layer, formed on the first barrier layer and 
constituted of a plurality of layers of group 111 nitride semiconductors different in 
band gaps and overlapping each other, the light emitting layer constituting layer 
nearest to the first barrier layer ;is made of a group III nitride semiconductor 
including phosphorus P. 
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* NOI^IGES * 

JPO and INPIT are not respons i b le for any 
damages aaused by the use of this trans lati oh. 

1 .This document has been transited by computer. So the translation may not reflect the ori^nal precisely. 
2.**:|c* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[GlaimCs)] 

[Glaim 1!|A substrate which consists of crystals, and the 1st barrier layer that were provided on a substrate and that is 
undoped and consists of a Lynn^ized boron siystem semiconductor of the 1st conduction type, . Make it come to stratify 
two or more composition layers which were proN/ided on the 1st barrier layer and Which consist of a group III nitride 
semficonductor which is mutually different in a ba;nd gap. In a pn junction type compound semiconductor light emitting 
element provided with a luminous layer of the 1st or 2nd conduction type, A pn junction type compound semiconductor 
light emitting element, wherein a composition layer {1st luminous layer composition layer) of a iuminous layer provided in a 
side nearest to the 1 st barrier layer comprises a group HI nitride semiconductor contaiirring Lynn CP). 
[Glaim 23The pn jundtlon type compound semiconductor light emittihg element according to claim 1, wherein a substrate 
is a silicon (Si) monocrystal substrate. 

[Glaim 3]A composition layer of a luminous layer, Glaim 1 consisting of phosphorus nitrideHzed gallium indium (Gaxlnj| 
"X^I-y'^Y"^ <=X <=1, 0< Y<1) or phosphorus nitride-^zed gallium (Gap |_yNy-0<Y<1). Or a pn Junction type compound 
semiconductor light emitting element given in 2. 

jGlaim 41 A pn junction type compound semiconductor light emitting element given in any 1 paragraph of Glaims 1-3 to 
Awhich the tst barrier layer is characterized by making large an at least 0.1 -e V or more band gap rather than any of two 
or more luminous layer composition layers which constitute a luminous layer. 

jEOlaim 5]A pn junction type compound semiconductor light emitting element given in any 1 paragraph of Glaims 1 -4, 
w/herein an iriterlayer who consists of group Hi nitride semiconductors Is formed on the surface of the 1 st barrier layer, it 
joins this interlayer and the 1 st luminous layer cornposition layer Is provided. 

[Glaim 6]The pn junction type compound semiconductor li#it emitting element according to claim 5 comprising a group HI 
nitride semiconductor with which an interlayer has a band gap more than a group 111 nitride semiconductor which 
constitutes the 1 st luminous layer composition layer. 

fClaim 7]The pn junction type compound semiconductor light emitting element according to claim 5 or 6 ccmprising a 
group IIJ nitride semiconductor containing an element which constitutes a group HI nitride semiconductor with which an 
interlayer ma^kes the 1st luminous layer composition layer. 

[Glaim 8]A pn junction type compound semiconductor light emitting element given in any 1 paragraph of Glaims 1-7, 
wherein the 2nd barrier layer that is undoped and consists of a Lynn-^ized boron system semiconductor of the 2nd 
conduction type is jprovided in the surface of a luminous layer composition layer which makes the outermost layer of a 
ium incus layer. 

[Glaim 9]The injunction type compound semiconductor light emitting element according to dialm wherein a sluminous 
layer composition layer which makes the outermost layer of a luminous layer comprises a :^oup HI nitride semticonductor 
of the 1st or 2nd conduction type containing Lynn (P). 

[Glaim 1<}]Dn a substrate which consists of crystals, it is undoped and the 1 st barrier layer that consists of a Lynn-lzed 
boron system semiconductor of the 1st conduction type Is formed, further — this — it makes It come to stratify two or 
more composition ilayeris which consist of a group III nitride semiconductor vvhich is mutually different in a band gap on 
the 1 st barrier layer. In a manufacturing method of a pn junction type compound semiconductor light emitting element 
which forms a luminous layer of the 1st or 2nd conduction type, A manufacturing method of a pn junction type compound 
isemiconductor light emitting element constituting a composition llayer (1st luminous layer composition layer) of a luminous 
layer provided in a side nearest to the 1st barrier slayer fr-om a group IH nitride semiconductor containing Lynn (P). 
[Glaim 1i]A manufacturing method of the pn junction type compound semiconductor light emitting element according to 
claim 10 forming an interlayer who consists of group III nitride semiconductors on the surface of the 1st barrier ilayer, 
joining this interlayer and forming the 1 st luminous layer composition layer. 

[Glaim 12]A manufacturing method of the pn junction type compound semiconductor light emitting element according to 
claim 10 or 11 forming the 2nd barrier layer that is undoped and consists of a Lynn^ized boron system semiconductor of 
the 2nd conduction type in the surface of a luminous layer composition layer which makes the outermost layer of a 
luminous layer. 

[Glaim 13] A white light emitting diode which becomes any 1 paragraph of Glaims 1-9 from a pn junction type compound 
semiconductor light emrtting element of a deseription. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the art for constituting the luminous layer which makes it come to strati-fy 
two or more composition layers which start a pn junction type compound semiconductor light emitting element, especiailly 
bring about luminescence of a multi-wavelength in the pn junction type compound semiconductor lj#it emitting element 
of multicolor luminescence. 
[0002] 

[Description of the Prior Art] Conventional ly, 111 fellows nitriding **** semiconductors, such as gallium nitride indium 
(Gaxlni_;5^N:0 <=;X <=1), are used as a component of the luminous layer for emitting short wavelength light, such as blue, 

in a light emitting diode (LED) (refer to JP,S55-3834,B). In Ga^^In-i^j^N (0<=X<=1), it is found gallium (Ca) composition 
ratio (=X) and that a band gap (bandgap) similarly changes steeply nonlinearly corresponding to an indium composition 
ratio (=1 -X) (refer to above-mentioned JPiS55--*3834,B). For example, in Ga^In-|_x^ of a hexagonati wurtzite (Wurtzite) 
crystal form. The band gap in a room temperature Is reduced to about 2.9 eV by setting indium composition to 0.2 from 
about 3.4 electron volts (unit: eV) of gallium nitride (GaN) (refer to above-mentioned JP^S55^3834iB). Thus, if it is in 
Ga^In^ _xN (0<-X<-1), it has the advantage which can give change to a luminous wavelength by making it change slightly [ 
an indium composition ratio (=1 -X) ]. 

[G0Q3]in the light emitting device of the conventional multicolor luminescence, the example Which constitutes the 
luminous layer which brings about luminescence of the muItHwavelength Awhich is different in a luminous wavelength from 
two or more gallium nitride Indium CGa^^In^^^j^NiO <=X <=1 ) layers which are different in indium composition (=1 -X) is 

indicated. For example, for an invention given in JP,2001 -1 68384,A (June 22, Heisel 13 (2001 ) public presentation). The 
art which constitutes the luminous layer which brings about luminescence of a multi-wavelength from a three-flayer 

Ga^lni.^N (0<=X<=1) well (well) layer which differs in an indium (In) presentation mutually is indicated. For example, LED 

which makes the two-layer Gaj^lnr|^j^N (0<=X<=1) layer which is different in indium cornposition stratify, and presents two 
waves of luminescence comprises an invention of JP- H1 1^2891 08,A (October 19, Heisei 1 1 (1 999) public presentation). 
LED possessing the luminous layer which makes it come to stratify two or more Ga)^ln-j_xN (0<=X<=1) layers which are 

different in indium composition of the multi-wavelength Is Indicated also to the invention of JP^H10-22525.A {January 23, 
Heisei 10 (1 998) public presentation). 

[0004]The multicolor light emitting device provided with the luminous layer which brings about luminescence of the 
multi-waveiength which is different in the conventional luminous wavelength has the composition of having a 
■light-emitting part of pn junction type hetero (different species: hetero) joining structure. In order to achieve increase of 
the intensity of luminescence especially, the light-emitting part -has double hetero (DoUbleHeterotDH) structure (the 
Teramoto ''semiconductor device introduction" (refer to Ba If ukan Issue First edition and 124-125 pages on March 

30, 1 995).). The light-emitting part of DH joining structure comprises joining structure of a luminous layer, and n form or 
the barrier (clad) layer of p form which pinches it in the middle. The cladding Jayer which is in the conventional multicolor 
light emitting device, and pindhes a Ga)^In|_xN (0<-X<=1) luminous layer. Usually it comprises an n form or gallium 

aluminum nitride (aluminumxGa^_xN:0 <=X <=1) of p form (refer to aibove-^meritioned ** JP,20D 1-168384, A, ** 

JP;H1 1-289 108 A and ** JP,H10^22525,A each gazette). 
[0005] 

[Problem(s) to be Solved by the Invention]however - — being based on the non-shrink band band (band) structure of a 
valence band peculiar to a wurtzite type crystal (Ikoma Toshiaki.) The Ikoma Hideaki collaboration, "a guide to basic 
physical properties of a compound semiconductor" (on September 10, 1991.) Gallium-aluminum-nitride indium 
(aluminumg|p^gGa|^g^g ^'^gamma^* 0<=alpha<=1 , 0<=beta<=1, 0<=gamma<=1, alpha+beta+gamma=1) of Baifukan Issue First 
edition, referring to the 17 page, and the low resistance that presents the conduction type of p form cannot be formed 
easily. If it depends on usually [ of conventional technology ], in order to obtain p form group III nitride semiconductor 
layer of low resistance, the — it is carried out [ that it is necessary to heat-treat for desorbing a hydrogen atom (proton) 
from the inside of a same layer, and ], after adding p type impurities, such as II group element, intentionally (doping) and 
forming a group III nitride semiconductor layer (refer to JP,H5-1 831 89,A). 

>[00063********, even if it is going to use the ai»-'rnin*J'T^alpha^%eta^'^gamma'^ (0<-alpha<=1, 0<=beta<=1, 0<=gamma<=1, 
aipha+beta+gamma=1 ) layer of the low resistance obtained via the complicated heat treatment process etc. as a barrier 
layer. Shortly, restrictions are produced in an order of making the Ga^^lnrj.jijN (0<==X<=1) layer which constitutes a 



JP, 2003-273403, A [DETAILED DESCRIPTION] 



2/11 



^luminous ilayenlaminating. For example, <JtFfer in a band gap mutually, namely, carry out the threfeHayer Ga^ni^^N layer 

which is different in a luminous wavelength, and it faces constituting the luminous layer of a multiwavelength emission use. 
There are restrictions which must arrange the smallest Ga^ln^_^N layer of the band gap which brings about luminescence 

of long wavelength most in the middle of three layers prefer to above-mentioned J;P^2Q01-1 68384,A). This in group lU 
nitride semiconductors, such as aluminumg|p^gGa|^^^gInggj^j^gN (0<=alpha<=1 , 0<-beta<=1, 0<=gamma<=1, 

a|pha+beta+gamma=1 ). It is for making the radiative recombination of the electron hole and electron which were poured in 
In order that the diffusion length (diffusion length; it corresponds to mobility) of an electron hole (hole) might take Into 
consideration that a figure single [ about ] is also small as compared with an electron (electron) and might bring about 
luminescence cause on the average on each class. 

[0007]Namely, the barrier layer which pinches the luminous layer which consists of layered structure of two or more 
Ga^lnr|_xN (0<=X<=1) layers which bring about luminescence of a multi-wavelength. The problem of the conventional 

technology constituted ^om aluminum^jp^gGaj^g^glngg^j^gN (0<=aipha<=1 , 0<=beta<-1 , 0<=gamma<=1 , 

:alpha*beta+gamma=1), (1) Since there is a big difference in diffusion length in (2) electron holes and an electron and it 
cannot obtain simply p form conduction layer of low resistance suitable for constituting a barrier layer, it is that 
restriction Is added to the built-up sequence of the composition layer of a luminous kyer. This invention was made in 
view of the problem of the above-mentioned conventional technology, and can constitute simply the low resistive layer of 
(A) p type and the conduction type of the both sides of n form, without requiring a complicated post process, Moreover, it 
supposes that a barrier layer is constituted from a compound semiconductor material which does not very have a big 
difference, it has :in the (B) electron hole and the degree of electron transfer, and the compound semiconductor light 
emitting element possessing the light-emitting part of the pn junction type heteroj unction structure which can be 
constituted simple 5is provided. 
[0008] 

[Means for Solving the Probiem]Namely, a substrate with which this invention consists of (1 ) crystal and the Tst barrier 
layer that were iprovided on a substrate and that is undoped and consists of a LynnHzed boron system semiconductor of 
the 1st conduction type, . Make it come to stratify two or more composition layers which were provided on the 1 st 
barrier layer and which consist of a group III nitride semiconductor which is mutually different in a band gap. In a pn 
junction type compound semiconductor light emitting element provided with a luminous layer of the 1 st or 2nd conduction 
type, A pn junction type compound semiconductor light emitting element, wherein a composition layer (1 st luminous layer 
composition layeH) of a luminous layer provided in a side nearest to the 1st barrier layer comprises a group III nitride 
semiconductor containing Lynn (P). 

(2) A pn junction type compound semiconductor light emitting element given in the above (1), wherein a substrate is a 
silicon (Si) monocrystal substrate. 

(3) A composition layer of a luminous layer, The above (1) consisting of phosphorus nitride-i:2ed gallium indium 
(Ga^In ^ 1 -Y^Y-^ <=X <-1, 0< Y<1) or phosphorus nitride-ized gallium (GaPi|_YNyiO<Y<1). Or a pn junction type 
compound semiconductor light emitting element given in (2). 

(4) The above (1) whose 1st barrier layer is characterized by making large an at least 0.1 -eV or more band gap rather 
than any of two or more luminous layer composition layers which constitute a luminous layer thru/or a pn junction type 
compound semiconductorlight emitting element given in any 1 paragraph of (3). 

(5) The above (1), wherein an interlayer who consists of group 111 nitride semiconductors is formed on the surface of the 
1st barrier layer, it joins this interlayer and the 1 st luminous layer composition layer is provided thru/or a pn junction type 
compound semiconductor light emitting element given In any 1 paragraph of (4). 

(6) A pn junction type compound semiconductor light emitting element given in the above (5) comprising a group III nitride 
semiconductor with which an interlayer has a band gap more than a group III nitride semiconductor which constitutes the 

1st luminous layer composition layer. 

(7) The above (5) comprising a group III nitride semiconductor containing an element which constitutes a group III nitride 
semiconductor with which an interlayer makes the 1st luminous layer composition layer, or a pn junction type compound 
semiconductor light emitting element given in (6). 

(8) The above (1), wherein the 2nd barrier layer that is undoped and consists of a Lynn-ized boron system semiconductor 
of the 2nd conduction type is provided in the surface of a luminous layer composition layer which makes the outermost 
layer of a luminous layer thru/or a pn junction type compound semiconductor light emitting element given in any 1 
paragraph of (7). 

(9) A pn junction type compound semiconductor light emitting element given in the above (8), wherein a luminous layer 
composition layer which makes the outermost layer of a luminous layer comprises a group III nitride semiconductor of the 
1 st or 2nd conduction type containing Lynn (P). 

(10) On a substrate which consists of crystals, It is undoped and the 1 st barrier layer that consists of a Lynn-ized boron 
system semiconductor of the 1st conduction type is formed, further — this — it makes it come to stratify two or more 
composition layers which consist of a group III nitride semiconductor which is mutually different in a band gap on the 1st 
barrier layer. In a manufacturing method of a pn junction type compound semiconductor light emitting element which 
forms a luminous layer of the 1 st or 2nd conduction type, A manufacturing method of a pn junction type compound 
semiconductor light emitting element constituting a composition layer (1 st luminous layer composition layer) of a luminous 
layer provided in a side nearest to the 1st barrier layer from a group III nitride semiconductor containing Lynn (P). 

(11) A manufacturing method of a pn junction type compound semiconductor light emitting element given in the above 
(10) forming an interlayer who consists of group III nitride semiconductors on the surface of the 1st barrier layer, joining 
this interlayer and forming the 1st luminous layer composition layer. 
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(12) A manufacturing method of a pn junction type compound semiconductor light emitting element the above (10) 
forming the 2nd barrier layer that is undoiped >and consists cyf a Lynn^ized boron system semiconductor of the 2nd 
conduction type in the surface of a luminous layer composition layer which makes the outermost layer of a luminous 

layer, or given in (11). 

(13) A white light emitting diode which becomes the above (1) thru/or any 1 paragraph of (9) from a pn junction type 
compound semiconductor light emitting element of a description. It comes out. 

[Q0G9] 

[Embodiment of the InventionOln a 1st embodiment of this invention, various crystals can be used for a substrate as a 
substrate, the [ for example, /, such as n form or silicon (Si) of the conductivity of p form, and silicon carbide (SiG), ] — 
IV fellows' semiconductor single crystal and the group-lII-V-semiconducter single crystal of gallium phosphide (GaP) can 
be used as a substrate, although the crystal face of the surface of a substrate is unquestioned, if it is usually in {1 .0.OJ, 
{1.i.0j or {1.1.1 j crystal face, and a hexagonal crystal — {G.O.Q.1.} — or — { — 1.1. — usually considers it as a -^2.1.} 
crystal face. The single crystal which uses an angle and uses abundance and the sloping crystal face as the surface from 
the crystal face of the above-mentioned mirror (Miller) index of the low next can also be used as a substrate. Although 
insulating alpha-alumina (alpha-^aluminum203) single crystal and perovskite crystal form oxide single crystal can be used 

as a substrate, if a conductive single crystal Is used as a substrate. Positive/negative and which polar ohmic (Ohmlc) 
nature electrode can be constructed as a rear electrode at the rear face of a substrate, and it can contribute for 
constituting light emitting devices, such as LED, simple. It may be in using a conductive single crystal as a substrate, and 
n form or any of p form may be sufficient as the conduction type of a single crystal. The low conductive monocrystal 
substrate of stpecific resistance (resistivity), as for, below 1 milli ohm (momega) and cm carry out resistivity contributes 
for bringing abotit LED with low forward voltage (what Is called V^. It becomes effective In constituting LD whidh brings 

about the oscillation stable since it excelled in heat dissipation nature. 

[0010]The 1 St barrier layer provided on the above-mentioned crystal substrate constitutes boron (B) and Lynn (P) from a 

Lynn-ized boron system compound semiconductor layer Included as a composing element by this Invention, For example, 

it constitutes from B i . aluminum^ + Ga Ini ■ . . 4. Pi _i i*. Asj i^. (0<C alDha<C=1 , 0<!~beta<(1 , 

1^ v^v^i loviuwv^o " ' ^-'alpha " 'beta gamma 1 -alpha- beta - gamma' 1 -delta delta ^ i , Mct«^ i , 

0<=^gamma<1 , 0<alpha+beta+gamma<=1 , 0<=delta<1). For example, it can constitute from 

%pha^''^'^''^"%etaQ^gamma^"l -alpha - beta - gamma^ 1 -delta^delta alpha<M . 0<=beta<1, 0<=gamma<1 , 

0<alpha+beta+gamma<=1 , 0<=delta<1 ). The 1st barrier layer is a barrier layer which approaches by the surface of a 

crystal substrate in [ barrier layer / below-mentioned / 2nd ] position, and is provided. By this invention, the 1 st 

conduction type is tentatively called to the conduction type of the Lynn-ized boron system semiconductor layer which 

makes the 1st barrier -layer. It is preferred for the conduction type of the crystal which is by using a conductive crystal as 

a substrate to constitute a light emitting device, and forms a substrate to consider it as the 1 st conduction type. For 

example, on the Si single crystal substrate ({1 1 1}-Si single crystal substrate) which has p{1 .1 .1 .} crystal face, the 1st 

barrier layer that consists of a Lynn-ized boron system semiconductor layer of p form is provided. [ of type ] If the buffer 

layer which Is amorphous between the LynnHzed boron system semiconductor layer of the 1st conduction type and 

crystal substrate which constitute the 1 st barrier layer, or becomes from poly crystal is provided and the 1st barrier layer 

is provided via this buffer layer on a substrate, The 1 st barrier layer that is excellent in crystallinity with few misfit (misfit) 

rearrangements etc. can be obtained. It is because the operation which therefore eases the lattice mismatch (mismatch) 

of the single crystal material of a substrate and the Lynn-ized boron system semiconductor layer of the 1 st conduction 

type to "the above-mentioned buffer layer is demonstrated. 

[001 1]the 1st barrier layer does not add the impurity for controlling conduction type intentionally (doping) — it can 
constitute from a so-called Lynn-ized boron system semiconductor layer of undoped (undope) suitably especially. If the 
Lynn-ized boron (boron-monophosphide:BP) of a monomer typical as a Lynn-ized boron system semiconductor is made 
into an example and explained, to BP. The Lynn (P) atom which occupies a boron (B) hole (vacancy), or the boron (B) 
atom Which occupies the Lynn (P) hole has already existed so much in the state of [ undoped J the thing depending on a 
growing condition. Committing Lynn which occupies a boron hole as the donor (donor), the boron which occupies the 
Lynn hole acts as the acceptor (acceptor), and the donor or acceptor component in which these holes participate is 
undoped, and p form of low resistance or the conductive layer of n form is brought about — it being alike and having 

19 -3 

sufficient concentration — the inside of BP layer — about — it may exist so much exceeding 10 cm . Therefore, the 
necessity of constituting from a LynnHzed boron system semiconductor layer which doped n form or p type impurities for 
daring to control conduction type for a barrier layer is lost. Namely, if the 1st barrier layer Is constituted from a undoped 
phosphorus-ized boron system semiconductor layer. It is not necessary to carry out complicated conventional 
technologies, such as heat treatment for not requiring the complicated operation which dopes an impurity of a different 
kind depending on conduction type, and obtaining the p type layer of low resistance, and there is an advantage which can 
obtain the 1st barrier layer that has the conductivity of low resistance simply. 

:[0012]As for the 1st barrier layer, It Is desirable to maike a band gap large, and it is more desirable than any of two or 
more luminous layer composition layers which constitute a luminous layer to constitute from a Lynn-ized boron system 
semiconductor layer which makes large desirably a 0.2-eV or more band gap at least 0.1 eV or more. As compared with 
the greatest forbidden band of a luminous layer composition layer, the 1st barrier layer can consist of still more suitably 
Lynn-ized boron system semiconductor layers of a band gap big about 0.3 eV - 0.4 eV. Especially the Lynn-ized boron 
system semiconductor layer that sets a band gap to less than about 6 eV at not less than about 2:8 eV can be suitably 
used as the 1st barrier layer. For example, the band gap in a room temperature the 3.0 boron [ Lynn-ized ] (BP) layer of 
the monomer which shall be **0.2 eV, In the organometal chemistry gaseous phase depositing (MOCVD) method, it can 
form at not less than 750 ^ the temperature of 1200 ** or less by making suitable the rate of the ratio of concentration 
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(what is called a V/Iir ratio) and growth rate of the ^;s^ are supplied to a MOCVD 

growth reaotion system. For example, it can form by setting a growth rate as 2 nm/m - 30 nm/m or less. "The thiokness 
of the Lynn-'ized boron system semiconductor layer of the 1 st conduction type which makes the 1 st barrier layer 
exceeds about 50 nm, and it is preferred for it that it is about 3000 nm or less. It is suitable that carrier concentration -is 

20 -3 17-3 
below abbreviation 1 x1 0 cm above abbreviation 7x1 0 cm . Since the career exists in it at the high concentration 
19 -3 20 -3 

about 10 cm - 10 cm even if undoped to the LynnHzed boron system semiconductor, the Gondu<5tive layer of the 
low resistance about several meter ohm-cm suitable for constituting a barrier layer is obtained simply. 
:[0013]On the 1st [ of the 1st conduction type ] barrier layer, the luminous layer which made two or more composition 
layers which are different in a band gap stratify is laminated. Each composition layer which makes a luminous layer can 
consist of igroup III nitride semiconductor layers, such as for example, gallium nitride indium (Ga^^ln^ .^NiO <=X <=1) or 

phosphorus nltrideHzed g^ttlum (GaP:j _yNy:0<Y<1). The band gap cyf OaP|_yNY ^0< y<lO. Corresponding to a slight 

change of a nitrogen presentation (=Y) or the Lynn presentation (-1-Y), it is nonlinearly changed rapidly like Ga^^In-j-xN 

(0<=X<=1 ) (refer to AppLPhys.Lett, 60 (1992), and 2540-2542 pages). For this reason. GaPi^yNy (0< Y<1) can be 

suitably used as a composition lay er of the luminous layer for bringing about luminescence of ilong wave length 
comparatively. The luminous layer can make the composition layer which consists of a different group III nitride 
semiconductor material able to stratify, and can also be constituted. For example, gallium nitride (GaN), a gallium nitride 
indium mix crystal (Ga^In^ -X^* this case) The three-layer composition layer which consists of a mutually difFerent 
group III nitride semiconductor material called 0<=X<1 and phosphorus nitride-ized gallium (GaP-j _yNy:0<Y<1 ) is made to 

stratify, and a luminous layer can be constituted. As for a composition layer, although there is no limitation in the quantity 
of the composition layer for constituting a luminous layer particularly, it is usually desirable from generally luminescence 
of a desired color tone being depended and concluded as the mixed colors of three colors to consider it as about at most 
three layers. It is necessary to unify the conduction type of each composition layer into the 1st or 2nd conduction type. 
If the luminous layer of the 2nd conduction type that becomes the 1 st barrier layer of the 1st conduction type from the 
composition layer of the 2nd conduction type is joined, the light-emitting part of pn junction type single hetero 
(SingleNetero:SH) can be constituted. 

[001 4] Even if the carrier concentration of each composition layer which constitutes a luminous layer is different, there is 
no inconvenience. Even if the thickness of each composition layer which constitutes a luminous layer is different, there is 
no inconvenience, but if the thickness of a luminous layer composition layer which usually brings about luminescence of 
wavelength with iow spectral luminous efficacy considers it as size as compared with other layers, when carrying out 
mixed coiors, suitable color rendering properties will be acquired. For example, the mixed colors of the luminescence of 
the blue which has a relation of the complementary color, and yellow are carried out, it is in making white light profitably 
like, and the example which makes thicker than that of the luminous layer composition layer which emits yellow light 
thickness of the luminous layer composition layer which emits the blue glow whose spectral luminous efficacy is lower 
than yellow light can be given. In LED of the method which takes out luminescence to the outer direction of an opposite 
hand with a monocrystal substrate, it is desirable to approach the monocrvstal substrate side most and to arrange the 
luminous layer composition layer which brings about luminescence of long wavelength most. For example, it is in obtaining 
the luminous layer which emits white light from the composition layer which emits light in each of the above-mentioned 
jblue glow and yellow light, and a means to arrange the composition layer which emits yellow light to the 1st [ by the side 
of a substrate 3 barrier layer side can be illustrated. On the contrary, it is desirable to remove a monocrystal substrate, 
and to, arrange originally, the luminous layer composition layer which brings about lumi n escence of long wavelength most 
for example, in the position which serves as remoteness most from a monocrystal substrate, if It is in LED which takes 
out luminescence from the monocrystal substrate side which existed. 

[>0015]It is in the composition layer which constitutes a luminous layer, and the 1 st luminous layer composition layer is 
tentatively called to the composition layer provided in the side nearest to the 1st barrier layer that consists of a 
Lynn-ized boron system semiconductor layer of the 1st conduction type by this invention. This 1 st luminous layer 
composition layer consists of crystal layers which consist of a group III nitride semiconductor which contains Lynn (P) 
especially. In the group III nitride semiconductor containing Lynn (P) which is suitable as 1st luminous layer composition 
layer. Phosphorus nitride^ized gaillium indium (Ga^^In^ -x^i -y'^Y"^ <"X <-1 , 0< Y<1), phosphorus nitride-rized gallium 
( Gap ^ _yN y:0< Y<1 ), etc. can be illustrated. In the group III nitride semiconductor layer c ontaining these Lynn (P), by 

changing the presentation of Lynn (P) severalpercent slightly, a band gap can be changed and a luminous wavelength can 
be changed. That is, there is an advantage which can constitute two or more luminous layer composition layers which give 
luminescence of a multi-wavelength only from giving a slight change to the Lynn presentation. When gallium (Ga) of an III 
fellows composing element and the composition ratio of indium (In) are the same, generally a band gap decreases with 
increase of the composition ratio of Lynn (P). Therefore, It becomes convenient for obtaining the luminous layer 
composition layer of long wavelength. 

[0016lThe 1st luminous layer composition layer containing Lynn (P) laminated on the 1st barrier layer (cladding layer) 
constituted from a Lynn-ized boron system semiconductor layer, Since it becomes surface surface smoothness and 
continuity with the thing excellent in wealth, it can use effectively as a well (well) layer which makes quantum well 
(QuantumWel l:QW ) structure, for example. Especially the 1st luminous -layer composition layer that consists of a transited 
[ directly ] type semiconductor material can be used for dominance as a well layer which brings about hjgh luminescence 
intensity. If the 1st luminous layer composition layer Is laminated as a well layer to the barrier layer which consists of the 
1st Lynn-ized boron system semiconductor layer, the luminous layer of single (single) or multiplex ;(mu It i) quantum well 
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structure which makes an end a well layer can be constituted. Being in this Inverition, each we!l layer which constitutes 
muJtiple quantum well structure (MQW) Gonstitutes a band gap from a diiferent ^roup III nitride semiconductor material. 
AlthQugh each wel! layer may be constituted from a mutually different group III nitride semiconductor miaterial, the 
conduction type of each weil layer is coincided with the conduction type of the 1st luminous layer composition layer. 
Other ends of QW structure, i.e., a termination, can consist of all of the barrier layer (barrier layer) to a well layer or a 
well layer. Although it is in the MOW structure which makes a luminous layer composition layer and a barrier (barrier) 
layer stratify periodically by turns, and a barrier layer has the same conduction type as a luminous layer composition layer 
and it constitutes from a semiconductor layer of a bigger band gap than a luminous layer composition layer, of course, it 
is desirable. 

[001 7]It is in the group IH nitride semiconductor layer containing Lynn (P) which makes the 1st luminous layer 
composition layer, and if the Lynn (P) concentration in a layer is based on factors, such as diffusion, and fluctuates, a 
band gap will also dhange along with it. According to a 2nd embodiment of this invention, the interlayer who was formed 
on the surface of the undoped phosphorusHzed boron system seniiconductor layer which makes the 1 st barrier layer and 
who consists of group IH nitride semiconductors is joined, and the 1 st luminous layer composition layer is provided. Lynn 
which carries out thermal diffusion to a luminous layer from the Lynn-ized boron system semiconductor layer in which an 
interlayer markes the I s* barrier layer Lynn whidh captures (P) or boron £B) and invades into a luminous layer ^- the 
duty which prevents the quantity of (P) or boron (B) increasing to is achieved. For example, When a silicon singile 
crystal (silicon) is used as a substrate, it has the operation to which the silicon (Si) separated fi^om the substrate blodks 
invading and causing change to carrier concentration into a luminous layer. That is, an interlayer has the operation which 
deters it being based on a foreign atom and changing a band gap and carrier concentration about the luminous layer 
which has the forbidden band that ?lurr*inescence of desired wavelength \s obtained, for example, and ;has suitable carrier 
concentration to bring about luminescence of high intensity. Since it is supposing that the 1st barrier layer of the ground 
of a lurninous layer is constituted from a undoped phosphorusHzed boron system semiconductor layer in this invention, 
an interlayer. It utilizes for Lynn (P) which constitutes the 1 st barrier layer or boron (B), and the purpose of controlling 
**** diffusion into the luminous layer of Lynn (P) especially, from dopant (dopant) of the 1 st barrier layer. 
©OIBjV/hen the thermal drffuslon of Lynn (P) laminates a luminous layer under hot growing environment on the undoped 
iphosphorusHzed boron system semiconductor layer which makes the 1st barrier layer, it happens notably. For example, 
as for an interlayer's thickness, although the long temperature of a gallium nitride indium luminous layer is 650 - 950 
** in general, if they takes an example, in order not to make *>H increase the quantity of the concentration of Lynn which 
invades into a luminous layer, it is desirable about to be referred to as about 20 nm -■ about 500 nm. In order to prevent 
diffusion of the impurity from the interlayer itself to the inside of a luminous layer or the t st barrier layer, it is undoped, 
and an interlayer is a high grade and it is optimal to constitute from a conductive semiconductor layer which does not 
include Lynn, especially a group III nitride semiconductor layer. On the relation which constitutes a luminous layer from a 
group III nitride semiconductor, if an interlayer is similarly constituted from a group III nitride semiconductor, a luminous 
layer [ **** ] without a gap can be obtained simple. If it is constituting an interlayer from a conductive group III nitride 
semiconductor layer which can form membranes at low temperature from the growing temperature of the Lynn-ized 
boron system semiconductor layer, effect can be achieved from the 1 st barrier layer to decrease the concentration of 
Lynn diffused to a luminous layer. As a material for constituting a concrete interlayer, gallium aluminum nitride 
(aluminumj^Ga^ _)^N:0 <=X <=1) can be illustrated. 

EOGI 9]At a 3rd embodiment of this invention, it constitutes from a group III nitride semiconductor which has a band gap 
more than the group III nitride semiconductor which constitutes the 1st luminous layer composition layer for an interlayer. 
For example, there is an example Which constitutes an interlayer from aluminumj^Gai-j^N (0< X<=1 ) about the 1st 

luminous layer composition layer that consists of GaP^.yNy (0< Y<1). The interlayer of the band gap exceeding the 1st 
luminous layer composition layer can act as a barrier (barrier) layer to the 1 st luminous layer composition layer. That is, if 
it carries out based on the laminated constitution of such an interlayer and the 1st luminous layer composition layer, the 
luminous layer of the quantum well structure which uses a barrier layer as an end can be constituted. Although any of the 
1st or 2nd conduction type may be sufficient as an Interlayers conduction type, It is desirable to suppose that it is the 
same as that of the 1st luminous layer composition layer. An interlayers band gap is larger than the 1st luminous layer 
composition layer, and when less than it of the 1st barrier layer is used, it is in LED and an effect is, for example to 
reduce forward voltage (what is called Vf). Via the interlayer who consists of Ga^In^.^^N which sets a room temperature 

band gap to 2.8 eV on the 1st barrier layer that consists of Lynn-ized boron (BP) of the monomer which sets the 
forbidden band in a room temperature to 3.0 eV as a suitable example of composition, The example which laminates the 
1st luminous layer composition layer that sets a room temperature band gap to 2.6 eV can be given. 
[0020]If it is constituting from a group III nitride semiconductor containing the element (composing element) which 
constitutes the group III nitride semiconductor layer which makes the 1 st luminous layer composition layer for the 
interlayer who becomes a ground of the 1st luminous layer composition layer, it will become effective in obtaining the 1st 
luminous layer composition layer with continuity without a gap. It can depend on the work as a "growth core" of the 
composing element of the 1 st luminous layer composition layer included in the interlayer, and membrane formation of the 
1st luminous layer composition layer can be advanced smoothly. There is an example which provides the luminous layer 
composition layer which consists of phosphorus nitrideHzed gallium indium (Ga^In^ .^P^ -y'^Y-^ "^^^ ' Y<1) as a 
good example of a 4th embodiment of this invention, for example on the interlayer who consists of gallium nitride (GaN). it 
comes out of a luminous layer composition layer and especially the luminous layer that emits short wavelength light 
chiefly to constitute from a big group III nitride semiconductor of a band gap, etc. The forming temperature of a group III 
nitride semiconductor layer is about 700 - about 1200 **, and an elevated temperature. For this reason, it is preferred 
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for an interlayer to constitute from group III nitride semiconductor material of a high-melting point which does not 
deteriorate at the time of membrane formation x>f the group III nitride semiconductor layer In an elevated temperature. 
|0021]If it has composition vyjfhich provides the 2nd barrier layer that consists of a undoped phosphorus^ized boron 
system semiconductor of the 2nd conduction type in the surface of the luminous layer composition layer which makes 
the outermost ^ayer of a luminous layer, the 1st barrier layer pinches and a luminous layer, and can constitute the 
light-emitting part of ;pn junction type DH structure. In a 5th errtbodlm«^ntGrf this Invention, #ie 2nd barrier layer as we I j as 
the 1st barrier layer for example, B^iphaaluminumbeta ^^gamma^^ 1 -alpha . -.beta . -. gamma^l -delta As delta- (0< alpha<=1, 
0<=beta<1, 0<=gamma<1, 0<alpha+beta+gamma<=1, 0<=delta<l - beta - 

gammd^l-delta'^ delta alpha<=1, 0<=beta<1, 0<=gamma<1, and 0<alpha+beta+gamma<=1 .) It constitutes from Lynn-lzed 
boron system semiconductors, such as 0<=defta<1 . The 2nd barrier layer constitutes conduction type from a undoped 
phosphorus^ized boron system semiconductor layer made opposite with the 1st barrier layer. For example, the 2nd 
barrier layer consists of undoped n form Lynn-lzed boron system semiconductors to the 1st barrier teyer of ;p form. In the 
Lynn-^ized boron system semiconductor, there Is an advantage to which the sismiconductor layer Which does not ^dd 
intentionailly the impurity which controls conduction type (= doping) but, in which also has the c onducti vity of th e 1st 
or 2nd conduction type is brought. Therefore, if the 2nd barrier layer is formed from a undoped phosphorus-ized boron 
system semiconductor layer, complicated doping operation in which it is necessary to change into conduction type the 
impurity kind therefore added can be avoided, and the 2nd barrier layer that moreover has conductivity by low resistance 
simple can be constituted. 

:[0022]In providing the undoped phosphorus-ized boron system semiconductor layer which makes the 2nd barrier layer on 
the outermost layer of the luminous layer constituted from a group III nitride semiconductor layer, If it is providing the 
2nd barrier layer on the outermost layer of the luminous layer which consists of a group III nitride semiconductor of the 
1st or 2nd conduction type containing Lynn (P), the 2nd barrier layer that is excellent in continuity without a gap will ^be 
obtained. It is in the luminous layer composition layer which constitutes a luminous layer, and the composition layer Which 
makes the surface of a luminous layer is called outermost layer of a luminous layer. As a good example of a 6th 
embodiment of this invention, the outermost layer of the luminous layer which consists of transited [ directly ] type n 
form GaN ^.yPy is joined, and the composition which provides the 2nd barrier layer that consists of a undoped n form 

Lynn-ized boron (BP) layer can be mentioned. Unlike the conventional group HI nitride semiconductor, the mobility of an 
electron and an electron hole is not [ Lynn-ized boron (BP) ] extraordinarily different. That is, the diffusion length of both 
careers does not have a difference like a group III nitride semiconductor. Therefore, strict restriction is not added to the 
built-^up sequence of a luminous layer composition layer like the former. However, it Is in LED of the method which passes 
the 2nd barrier layer and takes out luminescence to the exterior, for example, and, as for the outermost layer of a 
'luminous layer, it is desirable to constitute from a luminous layer composition layer which brings about luminescence of 
the shortest wavelength as compared with other luminous layer composition layers. That is, it is in LED of this method 
and it is necessary to consider the Lynn (P) content of a group III nitride semiconductor layer which makes the 
outermost layer of a lurr^inous layer, or the Lynn presentation as the content or #ie presentation which gives the shortest 
luminous wavelength. The Lynn composition ratio (Y), respectively For example, Y-j , Y^, Y3. GaN[ of three layers ] ^_yPy 
(Y=Y:| .) set to (0<=Y-j <Y2<Y3<=0.15 [ however, ]) A Y2 and Y3 layer is made to stratify, and it is in constituting a luminous 
layer, and the band gap of the outermost layer of a luminous layer Is the largest, therefore iit consists of GaN rj Py i 
layers which bring about luminescence of short wavelength most. 
[00233 

[Function] Lynn (P) contained In the 1st luminous layer composition layer provided in contact with [ these days ] the 
undoped phosphorus-ized boron system semiconductor layer which makes the 1 st barrier layer, It has the operation 
which decreases the band gap of a group III nitride semiconductor layer which makes the 1st luminous layer composition 
layer, and can contribute for constituting the 1st luminous layer composition layer that brings about luminescence of ^ong 
wavelength from this. 

[G024]The interlayer who consists of a group III nitride semiconductor formed in the middle of the undoped 
phosphorus-ized boron system semiconductor layer and the 1st luminous layer composition layer which make the 1st 
barrier layer, Lynn (P) diffused in the 1st luminous layer composition layer from the Lynn-ized boron system 
semiconductor layer which makes the 1st barrier layer is caught, and the operation Which maintains the -Lynn (P) 
concentration inside a luminous layer and a presentation is carried out. 

[0025]The luminous layer composition layer which consists of a group III nitride semiconductor of the 1st or 2nd 
conduction type containing Lynn (P) which constitutes the outermost layer of the luminous layer which makes it come to 
stratify two or more composition layers, It has the operation which brings about the 2nd barrier layer that consists of a 
undoped phosphorus-ized boron system semiconductor of the 2nd conduction type that Is excellent in continuity without 
a gap. 
[0026] 

[Example](The 1st working example) The case where LED of a pn junction type hetero structure provided with the 
luminous layer which consists blue glow and yellow light of a two-layer luminous layer composition jayer which emits light 
respectively is created is made into an example!, and the contents of this invention are explained concretely. 
[0027]The mimetic diagram of LED I B concerning the 1st working example is shown in drawing 1 . The cross section of 
LED1B in alignment with dashed line X-X' shown in drawing 1 is shown in drawing 2 . 

[0028]The laminated structure body 1A of the LED IB use formed the p form (1 1 1)-Si single crystal in which boron (B) 
was added as the substrate 101. On the substrate 101, Lynn (P) which makes an amorphous substance a subject in the 
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state of as-grown, and the buffer layer 1 02 containing boron (B) were deposited at 450 ** by boron triethyl (C2H5) (3B) / 
phosphine (PH3) / ihe tiydrogen (Hg) system ordinary pressure MOO/D method. The thickness of the biaffer layer 102 
Gould be 5 nm. 

[0029]After ending mernbrane formation of the buffer layer 1 02, the temperature of the substrate 101 was raised at 1 050 
The 1st barrier layer W3 that is undoped and eonsisits of a p boron ;[ LynnHzed ] (BP) layer of type on the surface of 
the buffer li^er 102 was made to laminae after tehriperature up using the above-^mentioned 1\40CVD 
vapor-phase-ep;itaxy means. The Ihidkness of p form LynnHzed boron layer which makes the 1st barrier layer 103 set to 

19 -3 

about 450 nm, and carrier concentration was abbreviation 2x10 cm . The 1 st barrier layer 1X)3 constituted the band 
gap in the room temperature from p form Lynn-ized boron which shall be about 3 eV, 

[0036]The temperature of the silicon single crystal board 101 was reduced at 800 **, circulating PH3 and HI2 in a 
1VIOCVD growth reaction system, after ending the vapor phase epitaxy of the tst barrier layer 103. Then, make it join on 
the 1st barrier layer 103, and by trimethylindium (CH3) (gin) / ammonia (NH3) / (Qj^^^gGa/PHg / the hydrogen (Hg) 

system ordinary pressure MQGVD method, n form phosphorus nitride-ized gallium indium (GaQ g^lnQ 45N0 95PQ Qg) layer 

which makes the 1st -luminous layer composition layer 105-1 was provided. The Lynn presentation of the I st luminous 
layer cornpositlon layer 105-1 was made into the ratio (=0.05) from which luminescence of a yellow belt is obtained, and 
thickness could be about 68 nm. On the 1 st luminous layer composition layer 105-1, the 2nd luminous layer composition 
layer 105-2 that consists of an n form gallium nitride indium {Gao 9o''^o layer grown up at 800 ** by the 
above-mentioned ordinary pressure MOC VD method was formed. The thickness of the 2nd luminous layer composition 
layer 1 05-2 could be about 1 10 nm. The luminous layer 105 cofnsisrted of the 1st and the 2nd luminous layer composition 
layer 105-1, and 105-2. 

[0031]After ending formation of the laminated structure body 1A, under [ a fixed quantity / atomic percentage / inside 
the luminous ^ayer 105 / Lynn (P) / it depends on a general secondary Ion mass analysis method (SIMS) and ]. The 

2Q 3 

phosphorus atom concentration inside an abbreviation 8x10 atom /cm , and the 2nd luminous layer composition layer 
105-2 with average average phosphorus atom concentration inside the 1st luminous layer composition layer 105-1 was 

19 3 

respectively quantified with an abbreviation 4x10 atom / cm .. From this, increase In quantity of some of the 
phosphorus atom concentration based on invasion of the Lynn (P) atom from the 1 st barrier layer 103 was detected by 
the 1st and the 2nd luminous layer composition layer 105-1 , and 1 05-2. 

[0032]The surface electrode 107 which consists of three-layer layered structure of Au / nickel (nickel) / Au which has 
arranged the thin film layer which becomes a side in contact with the luminous layer 105 surface from gold (Au) was 
formed in the center section of the surface of the luminous layer 105. The surface electrode 107 which serves as the 
plinth (pad) electrode for connection was used as the circular electrode which shall be about 120 micrometers in 
diameter. To the approximately whole area of the rear face of p form Si single crystal substrate 101, the ohmic electrode 
which consists of a vacuum evaporation film of an aluminum antimony (aluminum-Sb) alloy as the rear electrode 108 has 
been arranged, and LED IB was constituted in it. The thickness of the aiuminum-^Sb vacuum evaporation film could be 
about 2 micrometers. After forming the surface electrode 107 and the rear electrode 108. the Si Single crystal substrate 
which makes the substrate 101 is judged In the direction parallel to the [21 1 ] directions, and vertical, The silicon sin^^le 
crystal 101 of the square which sets one side to about 350 micrometers constituted LED IB of the pn junction type 
hetero structure of the method which takes out luminescence from the surface of an opposite hand to the exterior. 
;l00333When conduction of the actuating current of 20 mA (mA) was carried out between the surface electrode 107 and 
the rear electrode 108 in a forward direction, yellowish white light was iemitted from LED 1 B. The spectral component of 
yellowish white light was with the yellow light which sets the center wavelength corresponding to luminescence from the 
1st luminous layer composition layer 105-1 to 570.5 nm, and the blue glow which sets the center wavelength 
corresponding to luminescence from the 2nd luminous layer composition layer 105-2 to 481.5 nm, as shown in drawing 3 . 
The luminosity in a chip (dhip) state of LED IB which brings about two waves of different luminescence measured using a 
common integrating sphere became a 5-^mcd (mod), and the white light emitting diode of high luminescence intensity was 
provided, forward voltage (V^:, however forward current = :20 mA) — about — it is 2i9V and reverse voltage (Vp, however 

reverse current =10microA) ^became more than 5V. 

: [0034] (The 2nd working example) In the 2nd working example, a description in the 1st above-mentioned working example 
is undoped, the case where LED2B is constituted from the laminated structure body 2A which made It join to the 1st 
barrier layer 1 03 that consists of Lynn-ized boron (BP) of p form, and formed the interlayer 104 is made into an example, 
and the contents of this invention are explained. 

[0035]The cross section of LED2B concerning the 2nd working example Is shown in drawing 4. Components other than 
interlayer 104 are made the same as that of the 1 st above-mentioned working example. Therefore, in drawing 4 . about 
the same component, the same numerals are attached and the explanation is abbreviated to having been shown in 

drawing 1 and drawing 2 . 

[0036]The interlayer 1 04 was undoped and consisted of gallium nitride indium (Gap g^lnQ q^N) layers of n form, the 

GaQ gglnQ QgN interlayer 1 04 who sets indium (In) composition ratio to 0.05 (= 5%) — a (0-13)3 ^^'^ 3^ 3ln/NH3/H2 

system — vapor phase epitaxy was carriied out at 800 by the ordinary pressure IVIOCVD method. The inter layers 104 
thickness was set as about 25 nm. The interlayer s 104 carrier concentration was estimated to be abbreviation 2x10 
18 -3 

cm . The interlayer 104 constituted the band gap in the room temperature from OaQ ^^InQ q^N of the wurtzite crystal 
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form which shall be about 3.2 eV. 

[00373On the interlayer 104. the same luminous layer composition layer 105-1 of CQmpositlQn as having Indicated in the 
1st above-mentioned working example and the luminous layer 105 v\/hich consists of 105~2 were joined, ;it provided, and 
formation of the laminated structure body 2 A was ended, if it depends on a general secondary ion mass analysis method 

19 

(SIMS) — the Lynn (P) atcmic percentage inside the interlayer 1 04 — about — it was quantified With a 4x10 atom / 
3 

cm . The phosphorus atom concentration ;inside ;[ 105 to luminous layer composition layer 1 ] the 1st is atn abbrex^ation 
18 -3 

8x10 atom / cm , and the phosphorus atom concentration inside the 2nd luminous layer composition layer 1 05-2 
became less than it. Incidentally in the 1st luminous layer composition layer 105-1 that joined to the 1st barrier layer 103 
and was directly provided in it, without forming the interlayer 104 in the 1 st above-mentioned working example like a 
description. If it takes into consideration that the phosphorus atom concentration of the inside was the high 

20 3 

concentration of an abbreviation 8x10 atom / cm ., the interlayer 104 concerning this invention, Capturing the Lynn (P) 
atom diffused from the 1 st barrier layer 103, and becoming effective in maintaining the Lynn composition ratio of the 1 st 
luminous layer composition layer 105-1 was shown. It depends on the capture operation of boron (B) or the Lynn (P) 
atom diffused from the 1st barrier layer 103 by the interlayer 104, D isorderly-ization of the heterojunction interface of 
the interlayer 104 and the 1st luminous layer composition layer 105-1 brought a result deterred (refer to the work for 
opto-electronics common research institutes, "the basic technology of an optoelectronic integrated circuit" (August 20, 
1989, Ohm-Sha Issue, the 1st edition 1st printing), 371 - 384 pages). 

[0038]The same surface electrode 107 and the rear electrode 108 as what was indicated in the 1 st working example were 
formed, and LED2B was constituted. When conduction of the 20-mA actuating current was carried out between the 
surface electrode 107 and the rear electrode 108 in a forward direction, blue white light was emitted. The spectral 
component of blue white light was with the yellowish green light which sets the center wavelength corresponding to 
luminescence from the 1st luminous layer composition layer 105-1 to 566.0 nm, and the blue glow which sets the center 
wavelength corresponding to luminescence from the 2nd luminous layer composition layer 105-2 to 475.4 nm. The 
luminosity in the chip state of LED 28 which brings about two waves of different luminescence measured using a common 
integrating sphere was set to about 5 mcd(s), and the white light emitting diode of high luminescence intensity was 
provided, disorder ly-ization of the joining interface of the interlayer 1 04 and the 1st luminous layer composition layer 
105-1 was controlled — a sake — a good rectifying action — manifesting oneself — having — forward voltage (V^ 
however forward current = 20 mA) — about — it is 3.0V and reverse voltage (Vpj, however reverse current =1 OmicroA) 
became more than 8V. 

[0039](The 3rd working example) In the 3rd working example, the case where the interlayer 1 04 is constituted from group 
HI nitride semiconductor material which is different from 95^*^0 05^ of a description in the 2nd above-mentioned 
working example is made into an example, and the contents of this invention are explained. Components other than 
interlayer 104 are made the same as that of the 1 st above-^mentioned working example and the 2nd working example. 
[0040] The cross section of LED3B concerning the 2nd working example is shown in drawinja: 5 . In drawing 5 , about the 
same component, the same numerals are attached and the explanation is abbreviated to having been shown in drawing 1 
thru/or drawinig 3 . 

[0041 ]The interlayer 1 04 was undoped and consisted of gallium nitride (GaN) layers of n form, the interlayer 1 04 — a 
(CH )3Ga/NH3/H2 system — vapor phase epitaxy was carried out to the case of the 1st barrier layer 1 03 at 1050 of 

3 

the ** by the ordinary pressure MOGVD method. The iriterlayers 104 thickness was set as about 30 nm. The interlayer s 

18 -3 

104 carrier concentration was estimated to be abbreviation 2x10 cm . The interlayer 1 04 constituted the band gap in 

the room temperature from GaN of the wurtzite crystal form which shall be about 3,4 eV. 

[0042]In the 3rd working example, the interlayer 104 was used as a barrier (barrier) layer to the luminous layer 105 again 
in view of constituting the interlayer 104 from a group III nitride semiconductor which makes a band gap larger than the 
case of the 2nd working example. The twoHayer luminous layer composition layer 105-1 which is different from the 1st 
working example in the luminous wavelength of a description, and 105-2 were made to stratffy one by one on the GaN 
layer which is also the interlayer 104 who made it join to the 1st barrier layer 103, and provided, and is also the lower 
barrier layer 104-1 . the 2nd luminous layer composition layer 105-2 top — a (ch3)3^^^^^3'^^2 system — vapor phase 

epitaxy was carried out at 800 by the ordinary pressure MOCVD method as well as the luminous layer composition 
layer 105-1 and -2 — it was undoped and the GaN layer of n form was joined as the top barrier layer 104^2. Carrier 

18 -3 

concentration of the top barrier layer 104-2 was made into abbreviation 5x10 cm ., and thickness could be about 300 
nm. 

[0043] if it depends on a general secondary ion mass analysis method (SIMS), the average Lynn (P) atomic percentage 

18 

inside the interlayer 104 is lower than the case of the 2nd working example about — it was quantified with a 1x10 
3 

atom / cm . The average phosphorus atom concentration inside [ 105 to luminous layer composition layer 1 ] the 1st is 

18 -3 

an abbreviaition 4x10 atom / cm , and became equivalent [ the phosphorus atom concentration inside the 2nd 
luminous layer composition layer 105-2 ] to it. If it depends on the section TEM observation using a transmission electron 
microscope (TEM), The presentation steepness in the heterojunction interface of the interlayer 1 04 (lower barrier layer 
104^1) and the i st luminous layer composition layer 105-1 is good, and it was accepted that disorderly-ization of the 



JP,2G03-273403,A [DETAILED DESCRIPTION] 



9 / 11 



hetercy unction interface based on Lynn (P) and boron (B) which are diffused from the Tst barrier -layer 103 is deterred. 
;[0O443The same m^riace electrode 107 and the rear electrode l OS given in the 1st working example as a thing were 
formed in the approximately whole area of the surface 6f the top barn er layer 104^2 which makes the outermost layer of 
the laminated structure body 3A, and the rear face of the silicon single crystal board 101, respectively, and LED3B was 
constituted in it. White light was emitted when conduction of the 20-mA actuating current was carried out between the 
surface electrode 107 and the rear electrode 108 in a forward direction. When depending on the general 
spectrophotometry means, the spectral component of white light was with the yellowish green light which sets the center 
wavelength corresponding to luminescence from the 1st luminous layer composition layer 105-1 to 565;0 nm, and the blue 
glow which sets the center wavelength from the 2nd luminous layer composition layer 105-2 to 472.2 nm. The luminosity 
in the chip state of LED3B which brings about two waves of different luminescence measured using a common integrating 
sphere was set to about 5 mcd(sX and the white light emitting diode of high luminescence intensity was provided. As for 
•luminescence intensity, a difference was hardly accepted to be LED2B given in the 2nd working example. However, about 
10 nm of half breadth 0^MH) of each of a:bove--mentioned spectrai components has become small as compared with the 
case of the 2nd working example by considering it as the structure of providing the barrier layer 104-1 and ^04^2 m the 
upper and lower sides of the luminous layer 1 05. 
LED which is excellent in monochromaticity will be provided. 

disorderly^ization of the joining interface of the inter^layer 104 and the 1st luminous layer composition layer 105-1 was 
controlled — a sake ~ a good rectifying action — manifesting oneself — having — forward voltage (V^, however forward 

current = 20 mA) — athout it feeing 3.0V and, reverse voltage (Vp, however reverse current =^10mlcroA) — about — It 

was set to 9V, and LED3B of high withstand pressure was provided collectively. 

[0045](The 4th working example) The case where LED is constituted using the interlayer who consists of a different 
group III nitride semiconductor from the 3rd above-mentioned working example is made into an example, and the contents 
of this invention are explained concretely. The section structure of LED concerning the 4th working example is as being 
shown In drawing 5. and differs only in the Interlayer si 04 component found in the figure. 

[0046]In the 4th working example, the interlayer 104, The 1st luminous layer of a description in the 1st working example. 
It constituted from a gallium-aluminum-nitride mix crystal (aluminumQ 02^^0 98^^ of being undoped and n form containing 
gallium (Ga) and nitrogen (N) which are composing elements of the Ga^ ss^Hq 45NQ 95PQ Q5 layer to make, the imterlayer of 
this Invention — a 1st barrier layer top — a trimethylalumlnum (GH3) (3aluminum) / (GM3) 3Ga/NH3;^H2 system — vapor 

phase epitaxy was carried out to the case of the 1st barrier layer at 1050 ** of the by the ordinary pressure MOGVD 
method. The interlayer s thickness was set as about 30 nm. The interlayers carriier concentration was estimated to be 
17 -3 

atbbreviatlon 3x1 0 cm . The Interlayer constituted the band gap in the room temperature from aluminumQ q^G^o 98^ of 
the wurtzite crystal form which shall be about 3.4 eV. 

[0047] On the interlayer, the same luminous layer and top barrier layer given in the 3rd above-mentioned working example 
as a thing were provided by conditions given In the 3rd working example. Since the Interlayer of this example 4 had the 
1st thru/or a bigger band gap than which an interlayer given in the 3rd working example and also contained the composing 
element of the 1st luminous layer composition layer, especially the 1st luminous layer composition layer made the surface 
flat, it became what is excellent in continuity. Since the surface of the 1 st luminous layer composition layer turned into a 
mirror plane which ^s excellent in smooth nature, It became a continuation film which excels •[ layer / 2nd / that the layer 
was made to stratify / luminous layer composition J in surface surface smoothness. In observation of the surface state 
which depends on a differentiation interference pattern optical microscope and a scanning electron microscope (SEM), 
most the gaps or stomata (pit) which spoil the continuity of a layer were not recognized visually by the surface of the 2nd 
luminous layer composition flayer. 

£0048] Like the 3rd above-mentioned working example, the surface electrode and the rear electrode were formed and 
LED was constituted. When conduction of the 20-^mA actuating current was carried out between a surface electrode and 
a rear electrode in a forward direction, white light was emitted like the case of the 3rd working example, about 10 nm of 
half breadth of each emission-spectrum ingredient is smallness as well as LED given in the 3rd working example as 
compared with the case of the 2nd working example — ; it was 20 nm about. On the other hand, in the 4th working 
example, the luminosity in the chip state was set to about 7 mcd(s) reflecting the luminous layer composition layer which 
Is excellent In a surface state having been brought about by constituting an interlayer from a group III nitride 
semiconductor containing the composing element of the 1st luminous layer composition layer. The luminosity measured 
using this common integrating sphere is about 1.5 times the LED given in the 3rd working example. 
The higherrintensity white light emitting diode was provided. 

Since disorderly-ization of the joining Interface of an interlayer and the 1st luminous layer composition layer was 
controlled, a good rectifying action manifests itself — forward voltage (V^, however forward current = 20 mA) — about — 

being set to 3.0V — reverse voltage (Vp, however reverse current =1 OmIcroA) — about It was set to 9V, and LED of 

high withstand pressure was provided collectively. 

[0049] (The 5th working example) On the luminous layer which was made to stratify two or more luminous layer 
composition layers which bring about luminescence which is different in wavelength in this example 5, and was formed, 
The case where LED of a pn junction type DH structure provided with the 2nd barrier layer that consists of a undoped 
phosphorus-ized boron system semiconductor of the 2nd conduction type is constituted is made into an example, and the 

contents of this invention are explained concretely. 

[0050]The section structure of LED4B concerning the 5th working example is typically shown in drawing 6 . It is in LED4B 
shown In drawing 6 . and about the same component, the same numeraJls are attached and the explanation Is abbreviated 
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to having indicated in the 1st above-mentipned working example. 

jjOOS I lln the 5th working exarTif>te» after ending growth of the luminous layer 105 at BOO ** on the -interlayer 1 04 like a 
desGription in the 4th above-mentioned working example, temperature up of the tempersiture of the silicon single crystal 
board 101 was carried out to 850 in the mixed atmosphere of NH3 and After temperature up, it was undoped. and 

the 2nd barrier layer 106 that consists of Lynn-ized boron (BP) of the monomer of n form was joined to the luminous 
iayer 105, and it fxrovided m it. the 2nd barrier layer 106 — a ;^q^|^^)3B/PH3/H2 system^ — tt was made to grow up by the 

ordinary pressure MOGVD method The thickness of the 2nd barrier layer 106 could be the 1 st barrier layer 103 and 450 
nm same in abbreviation. In order to make the 2nd barrier layer 106 act as a luminous transmission layer for taking out 
luminescence from the luminous layer 105 to the exterior efficiently, it constituted the band gap in the room temperature 
from undoped phosphorus-ized boron which shall be about 3 eV. 

[0052]the Lynn (P) atomic percentage which depends on a general secondary ion mass analysis method (SIMS) and 
whose inside dF the interlayer 104 is average after ending formation of the laminated structure body 4A — about — it 

18 3 

was quantified with a 4x10 atom / cm . The average phosphorus atom concentration inside [ 105 to lurriinous layer 

IB -3 

composition layer 1 ] the 1st is an Abbreviation 2x1 0 atom / cm ., and the phosphorus atom concentration inside the 
2nd luminous layer composition layer 1 05-2 became less than it. It depended on the capture operation of boron (B) or the 
Lynn (P) atom diffused from the 1st barrier layer 1 03 by the interlayer 104, and being deterred depended on section TEM 
technique and disorderly-ization of the heterojunction Interface of the interlayer 1 04 and the 1st luminous layer 
composition layer 105-1 was accepted. 

[0053jlt was undoped and the surface electrode 107 has been arranged in the center section of the surface of the 2nd 
barrier layer 106 of n form. The surface electrode 107 constituted the side in contact with the 2nd barrier layer 106 from 
Au-germanium / nickel (nickel) / a three layers of Au(s) multistory film used as gold and a germanium (Au-germanium) 
alloy film. The diameter of the circular surface electrode 107 which serves as a pedestal electrode was about 1 10 
micrometers. In the approximately whole area of the rear face of p form Si single crystal substrate 1 01, the ohmic 
electrode which consists of aluminum (aluminum) as the rear electrode 1 08 has been arranged, and LED4B was 
constituted in it. The thickness of aluminum vacuum deposition film could be about 3 micrometers. After forming the 
surface electrode 107 and the rear electrode 108, Si single crystal 101 was cut out in the direction parallel to the [21 1] 
directions, and vertical, and the silicon single crystal 101 of the square which sets one side to about 350 micrometers 
constituted LED4B of the method which takes out luminescence from the 2nd barrier layer 106 side of an opposite hand 
to the exterior. 

[0054] When conduction of the 20-mA actuating current was carried out between the surface electrode 107 and the rear 
electrode 108 in a forward direction, the 2nd barrier layer 106 was mainly passed and blue white light was emitted from 
LED4B. The emission-spectrum ingredient of blue glow was the same as that of abbreviation [ showed / in drawing 3 1 
LED4B of the 5th working example wrote with the light-emitting part of pn junction type DN heterojunction structure, and 
the luminosity measured using a common integrating sphere was set to ^bout 10 mcd(s), and has provided the white light 
emitting diode of high luminescence intensity, disorderly-ization of the joining interface of the interlayer 104 and the 1st 
luminous layer composition layer 105-1 was controlled — a sake — a good rectifying action — manifesting oneself — 
having — forward voltage (\^ however forward current = 20 mA) — about it js 3.2V and reverse voltage (Vp, however 

reverse current = l OmicroA) became more than 5V. 

[0055](The 6th working example) The case where LED of pn junction type DH structure which provides a undoped 
phosphorus-ized boron system semiconductor layer as the 2nd barrier layer on the luminous layer composition layer 
containing Lynn (P) which makes the outermost layer of a luminous layer is constituted is made into an example, and the 
contents of this invention are explained concretely. 

[0056] LED concerning the 6th working example is as section structure showing drawing 6 a s well as the 5th wor^king 
example of the above. 

LED of the 5th working example differs only in the component of the outermost layer (2nd luminous layer composition 
layer 1 05-2) of a luminous layer. 

[0057]The 6th working example constituted the 2nd luminous layer composition layer 1 05-2 from the phosphorus 
nitride-ized gallium indium (GaQ gQinQ iqNq q^Pq 03) layer, the 2nd luminous Jayer composition layer 105-2 — a 
(Q[^^)3Ga/(Ghl3) 3ln/NH3/PH 3/H 2 system — It was made to grow up at 800 ** by the ordinary pressure MOCVD method 

as well as the 1st luminous layer composition layer 105-1 The thickness of the 2nd luminous layer composition layer 
105-2 was set as about 65 nm. 

[0058]In accordance with the technique given in the 5th above-mentioned working example, in the surface of the 2nd 
luminous layer composition layer 105-2, it was undoped, and the 2nd barrier layer 106 that consists of Lynn-ized boron of 
n form was laminated on it. In the 6th working example, since the 2nd luminous layer composition layer 105-2 that 
contains Lynn (P) for the 2nd barrier layer 106 was formed as a ground, the barrier layer which is excellent in surface 
smooth nature especially was brought about. From the surface observation which depends on SEM, most of a gap or a pit 
was not recognized visually by the 2nd barrier layer 106, but it was checked that they are continuous layers. Then, it had 
the same composition with having indicated in the 5th Working example, the surface electrode 1 07 and the rear electrode 
108 were formed, and LED was constituted. 

[0059]When conduction of the 20^mA actuating current was carried out between the surface electrode 107 and the rear 
electrode 108 in a forward direction, the 2nd barrier layer 106 was mainly passed and blue white light was emitted from 
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LED. The emission-speGtrum ingredient of blue glow was the same as that of abbreviation [ showed / in drawing 3 I . The 
luminosity of LED measured using a common integrating sphere was set to about 10 mcd(s), and has provided the white 
light emitting diode of high luminescence intensity. Although disorderly-ization of the joining interface of the interlayer 
104 and the 1st luminous layer composition layer 105-1 is controlled, in addition, since the 2nd barrier layer 106 was 
constituted fi^om a undoped n form Lynn-lzed boron layer Awhich is excellent in continuity, forward voltage (Vf, however 
forward current = 20 mA) — about it is 3;0V and LED which reverse votege (Vp, however reverse current ?=10microA) 

presents #Ye pn junction characteristic superior to more than 7V and LED of the 5th working example was provided 
[0060] 

;[EfFect of the 1nventlon]The substrate which will consist of crystals if it depends on this invention, and the i st barrier 
layer that were provided on the substrate and that is undoped and consists of a Lynn-ized boron system semiconductor 
of the 1 St conduction type, . Make it come to stratify two or more composition layers which were provided on the 1st 
barrier layer and which consist of a group III nitride semiconductor which is mutually different in a band gap. In the pn 
junction type compound semiconductor light emitting element provided With the luminous layer of the 1st or 2nd 
conduction *ype, Since the composition layer (1st luminous layer composition layer) of the luminous layer provided in the 
side nearest to the 1st barrier layer is constituted from a group HI nitride semiconductor of the 1 st or 2nd conduction 
type containing Lynn (P), The pn junction type compound semiconductor light emitting element which can constitute 1 
composition layer of luminous layers which bring about luminescence of long wavelength comparatively, such as yellow 
belt light, simple, therefore presents luminescence of a multi-wavelength can be provided simply. 

[0061]When depending on this inventbn, since the interlayer who was formed on the surface of the 1st barrier layer that 
consists of a undoped phosphorus-ized boron system semiconductor layer and who consists of group III nitride 
semiconductors is joined and the 1 st luminous layer composition layer is provided, The pn junction type compound 
semiconductor light emitting element which could maintain the Lynn composition ratio of the 1st luminous layer 
composition layer to the request therefore where the luminous wavelength was stabilized by operation of the interlayer 
who captures Lynn which carries out thermal diffusion from the 1st barrier layer to the 1st luminous layer composition 
layer can be provided. 

[0062]When depending on this invention, since it constitutes from a group III nitride semiconductor which has a band gap 
more than the group III nitride semiconductor which constitutes the 1 st luminous layer composition flayer for an interiayer 
especially. The pn junction type compound semiconductor light emitting element which could constitute the luminous 
layer of the quantum well structure which makes an interlayer a barrier layer simple, lio which the mixed colors of the 
luminescent components which are excellent in monochromaticity were carried out and which brings ^bout luminescence 
of a multi-wavelength can be provided. 

[0O633VVhen depending on this invention, since it constitutes from a group III nitride semiconductor containing the 
composing element of the group ill nitride semiconductor layer which makes the 1st luminous layer composition layer for 
an inteHlayer especially, For example, it could obtain the 1st luminous layer composition layer that is excellent in surface 
surface smoothness and continuity and reflected the good pn junction characteristic, the pn junction type compound 
semiconductor light emitting element which is excellent in forward voltage or reverse voltage can be provided. 
[00643When depending on this invention, since the 2nd barrier layer that consists of a undoped phosphorus-ized boron 
system semiconductor layer of the 2nd conduction type is provided in the surface of the luminous layer composition layer 
Which makes the outermost layer of a luminous layer and the light-emitting part of double heterojunction structure is 
constituted. The pn junction type compound semiconductor multicolor light emitting device which is exceHerit in 
luminescence intensity can be provided. 

[O065]When depending on this invention, since the luminous layer composition layer which makes the outermost layer of a 
luminous layer is constituted fi^om a group 111 nitride semiconductor of the 1st or 2nd conduction type including Lynn, The 
2nd barrier layer can be formed from the undoped phosphorus-lzed boron system semiconductor layer which is excellent 
in continuity, therefore the compound semiconductor multicolor light emitting device of the pn junction type double 
hetero structure of high luminescence intensity where forward voltage is low can be provided, for example. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damaiges caused by Che uisB of this translation. 

1 .Thiis document hias been translated by computer. So the translation may not reflect the orjginal precisely. 
2;**** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawingsl 

FD rawing Hit is a mimetiG diagram of LED eoncerning the 1st working example of this invention. 

fP rawing 2l lt is a cross section in alignment with dashed line X-X' of liED shown in drawing 1 . 

[Dravtfing 3l lt is an emission spectrum of LBD concerning the 1st working example of this invention. 

[Drawing 4] It is a cross sectioii of LED concerning the 2nd working example of this invention. 

[Drav^/ing 5T lt is a cross section of LED concerning the 3rd working example of this invention, and the 4th working 

example. 

[Drawing 6llt is a cross section of LED concerning the 5th working example of this invention, and the 6th working 
example. 

I Description of Notations] 

1 A, 2A, 3A, and 4A Laminated structure body 

I B, 28, 3B, 4B LED 

101 Substrate 

1G2 Buffer layer 

1 03 T^he 1st barrier layer 

104 interlayer 

104-1 Lower barrier layer 

104- 2 Top barrier layer 

105 Luminous layer 

105^1 TThe 1st luminous layer composition layer 

105- ^2 The 2nd luminous layer composition layer 

106 The 2nd barrier layer 

107 Surface electrode 

108 Rear electrode 
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M?. ^vvtiy y (p) miMmtmm <b) 

*^^M:fc#aLTl/>Sc. li«^?L^fife^ y F-f- 
r^^f^ (a c c ep tor) i:l.-tl^ffl^^„ L*^ 

h^ii^icm^mm^'i^ t b p a^rtsptai i o" 

XT. ^smB^mm-r^ rcmtD xxm-^im p w^mm^ 
¥-^y^Ltc^)y\mmm'^m^mii-'^m^-t^M^ 

im< ri^o tm. ^KD^mm'y^-f^myy^ 
mm^^mmfs^^mm-tui. ^mmmwh xmm 

lo o 1 23 B i ^itMsti:. mm^mm-^mmo 

L < . ^^--vS; < 0 . 1 e WU±. b<l,i. G . 2 e 
mL. mo. 3 e V~0. 4 e Vj^#::8:m=^fl©y>' 

M««^»ft®;^)^6{3:sic^fiit^ vommm^mf^ 30 
*?i t -r^ 'J >fc«mifip^wi;. 0 1 mmmmt l 

0 + 0. 2 e Vi:-r-SP»*®Uyfliii* (BP) Jl 

a. %m^mitmmmmm cmocvdj mxn. 1 

fi!cT'*«o ^fi51«5&S^J-2 nm~li^3 O n 

5 0 n m^gK.iJ 3 0 0 0 n mIXT T-feSO^^S®-??^ 
+^yT?i*{l:^ 197 X 1 o" c m'' KiTfJjs^ l x 

1 o'° cm" j-XTm^cD^^-ji-r^,. yy{fcis«^*« 

Wcii. rvF-yTfe-sTfe. 1 O" c m"' ~ 1 O'" 

cm"' Mm>'m&x^^37%'^n-m^x\^^tz.}i>. n 

ioo 1 3] ^ 1 ©fE^ff^O)^ 1 «ltiiS±ii:{±. «± 
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^ypt>l. ( G ax I n,-x N : O^XS^ 1 .» SfctiMfc 
y y'ft:^"y<>i (G aPi-v Ny : 0<Y<; 1 ) ^© I I 

rKSft:tf*«f*S*^b«jt-e:*?>. ca Pi-Y Nv ro 
< Y<i) :©:«±^i|i{3;. ^aiB^ !=Y) m^^my 

liit (=1 - Y) (Dm^mm:Acn^LX . G ax I n 

*iP>tl^ CApp 1. Phys. Let t. , 6 0 (1 

9 9 2) . 2 5 4 0~2 5 4 2i:#Bt) cmcib. G 
a:P,-v My ( 0< Y< 1) it«iSISS5©^7te^fe 

rc^Ttcm(Dmmm(ommmtbxwmicmm^^^^ 

y ^71. <;Ga N) . Sfc/^'y "^ix • -f >'>^S7AiS^ iG 

ax i m^x : c©^^. osx<a;) JttfSfcy yfl: 

::^f y (G aPi-v Ny : 0<Y<1) th^5S^4cm 
I :I i«»btl¥#ttMSJb^6%^ 3g©afige>^ 

©«iics©ssc«ic:a. mt)iLxxmmii^^'i)K 
feii^mtt-ist ti 3 fe©M-&^ wia^ti^ c t 

;p n^a*-^^13 (^i ng ! e R 

e t e r o : S H) CDm^m^mf&X ^ ^ o 

[0 0 1 4] M«H^»it-r^^«JiC)4^-^yT?«jt 
wmM(mmt^vx^mi.^^im''m. mm 
spti. mi€imLx±tir^ii. mm^itmm 
tm&(Dmyt&Bn-£^x&&^^mx ^ ^-r^icso 

mLx«mt^<^imiiLv\ mff > m<m&^t 

1 emmmmicmmT^^mmmx^^,. mc. 

[0 0 1 5] m^m^m!S.t^mis.mic&-3x. ni o 
mmm^vyimmm^mwrnt'^^^^m i ©i^isst 

mmtrnt^., z.(Dm\ ommimm^. #i-y 
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y ( :P ) ^^tivi I mmm^mm-^^^r^^m^smip 

, m 1 o^mmmm t l xmt^ >; > 
( P ) I \mmm^w\m. mi\i'rykjs 

- ^yV^^J^ (G ax I m-x Pi-v Ny : 0<X< 
1 . 0 < Y < 1 ) ^Sfc U l^^im'^L. CG a P 

: 0<Y< 1 ) dtifitoyv 

(F ) ^^ii- j I rmsibif#msi?i4. yy iP) 

\ I *ISicK;*®#'J ( Ga ) . -^^/i^^l. ( I 
n) ©lifi!cfet7b^|S|-©#&. "-iSlc. CP) Ollfiic 

CO Q 1 63 y yfcW^#»ft»*^6:gfigL^m 1 ® 

mmm ci^^-y h«) ±fc«»Lfcy> cp) ^^t^B 

1t^(Qhfk^im. m^M. «S#F (au a n t u:ra 
We i 1 : QW) «jg^*-r#F (we 1 1 > MtL 20 

e ) (m u l t i .) M^SpSji©^7t«^ 

SfiicTt?., *%B^ics^T. ^mm^WRm& (mq 

:«fiScrt«o ^)^iilifi)c»i:Pfii ( b a r r i e r ) M 

[0 0 1 7] MKomtrnm^^^fry (P) 

t?i I imm^m^mitmic^-ox. mp^cDvy (?) m 

m±mmt.mtLx l$ 5 ^mmo^Mzmmmmmx 

mt^i^j^m^m^miitmLxM^vy m ^tcimm 
IB) ^«»LT. ?g7t/irt^fix-rsy> (P) 

t sfc. fisj^a. a^^i^a^B ('>y 3X) >&»i:L 50 
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■oi^x. ^*tt®0? t a «±^i|iiMmc:4^ ^ y r ?« 
s^Mf - § ® i&jqjifcr^ wm^mr^ .-, ^mmx&. 
mmfoipmcm 1 c>?tMB%. ry f-:/o y vifeii 
ms^ifi^^^ii J; 0 mi^t^ c 1 1 LXk^^<DX\ ^mm 

It. W. 1 €»:^li*© F-/^y F < d o p a n t ) . 

^ 1 ©i^»^«-r^s y (p) s:fe{*iK (B) . 

[0 0 1:8,.] y> (p) mi <mmm^k 

Wfxmm^mm■r^m^mm^mc^. M^ff, m 
^ y > «> ixSi^ji©gzas*^«te. e 5 0 °c 
~ 9 5 G z•xM>^mzm^^> t . nma^x:t^ y y 

2 0 n m ~I^J 5 0 0 n m ft^ © A'^M $ L V\ $ 

1 1 i KSffitf^^f^s^^ss^rs®*^*®-??* 
i-. fpmm^mc< 1 1 1 s^Sftti*^#A^e»c-rti 
y yimmm^mm(Dmmimi^ 0 ffiia-r-fisiiii:- * ^ 

m^mmt:s>rci!b(ommtvx. sctr/u^-'^i* • ^ 

V fl^ (A 1 X G ai-x N : O^X^ 1 ) ^MST^«,> 

[0 0 1 9] :mmtDm3 (r>mmmx:ii. fpmm^. 

G a Pi-v Ny ( 0<: Y< 1 ) *^P);5;S||1 
©S§?fca«Jt®te-3l/^Ts WbIS^ A I x G a , -X N ( 0 

< 1 ) # p.«-r „ m 1 <9S^B«0 

•r^mm (b a r r i e r ) mtvxf^mx^^.. m 
ciDm^'mmtm i <Dmmmmmt(Dmmmi& 

m^mfSre^^. mfBm(OBmmit:, mi $rc«B2® 
mm<Dmtixi.imj^i''m. mi cDmmsmitmtm 

t-r^t. mm. LEDic&-:^xmy5\mi± (p/fii. 
m&xam±3^ 3 . 0 e V t y 
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( B P ) mmmitmm^ 

2. 8 e y i:-rS G ax I n.-x iii^&^Si^tpmM^ffh 

10 0 2 0] mi (Dmmmf&m(DTmt ^^^mm 

mi<^mmsmm=^&ti i immimmwm 
^Wc^^ts* mmm) ^mm i immm^ 

±lc^ Wc^)y>^V'^L. •-^yiy^^L. (G ax I m-x 
P.^ »v f)^X^ 1 . Q < Y < 1 ) 

O'€:i:«ja-c*^o c(Drcib. ^mmu. aig-t^©! I 20 
I Mbti^js#ftS®«3tlc:^RL*v\ mmm> i 
I I «Mfcti*»»#8*v&«r^©*WT-&^o 

Co 0 2 1] mm(Dmmm^m'mmmmm(^mm 

^^m2^^mwf^m^tf m. mi ©i^ 

^m&x^^o ^m(^m5(Dmmmxii. moi© 
matmmic. m2 0mmmt^m^a. b . a i * c a 

I m- . - /> - , ;Pi- 6 A s J <0<a^l^ 0^jS< 
1 > 0 S y < 1 . 0 < a + jS + y S 1 . O S 5 < 1 ) 3 0 
B« A 1 ,j G a:. :I Hi- . - « - r Pi- « (0<aS 

(Djibv ymmm^mmy'&mj&^. v yimm^ 

:F-t°>5^) €-r:2: fern 1 m'^'^im2mmmm(Dmmm 

m2(Dimm^ry¥-~f(D^)yimm^.^mwmfi'^ 
mmr^ c t ttmi. mvmcm-DxwMt^^fmi 

10 0 2 2] 1 1 \im\m^m'mii^^mm-^wft 

a©»«s±t . m 2 ci^iia^^-r r> k-7°® u y 

vy (p » ^^um I ^tzim2 0)imB(D 1 1 ii^s 
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J; s mm(Dmwmizmti^m2(mmmifwi^tL 

0^ 6©l|gimi©®«i: LTs lt|gg#ffl©nlf^G a 
Ni-Y Pv;^)v5%iS^«li©«aSteMa-^-ti:T. T^/F 
-7°OnSyyft«* (BP) »*vp,;g;^^2©|fll)i 

y ^'M* ( B P-) M 

WSttffiai^fciifflsL^iv. IP'S. S7^©4^-^yT© 

isijftfcti:. I I \imitm^mmM(Dmmim^\ u 

iffijpsti#nb6*i.\ L*^L. mm. m 2 (Dmmm^M 
m^'iix^m^fm^^m-tj^^L e wic&-dx. 

©gas^ife^ 1 1 immm^¥m»M<Dvy ip^ 

^^il^tlYi. Yz. Yi (fit. OSYi<Y.<Y.S 
0. 1 5} fr^2m(0G aMi^ Pv (Y = Yis Yi. 

Y.) m^Mmt'^mmmmt^^cmr^x. 

[002 33 

wmi mi (DrnMrn^^tyy f-7°©u yitmm^ 
^mimi^mmLxmr^m i oy^ftrnmrnwic^^ 
ti^v> (p) tis n 1 ©S7fc»Wc»j&s:-r i I im 

[0 0 2 41^1 ©ims3^*-rr y F-y^©y 

rjit y yitmrnm^mimii^^mi (omitmmimicu 
mLxm^yy (P) ^mlt. mwcDi^gp^y ^ 

CP) ii«S:tfffl^^»-rs#ffl«-rs. 

t o 0 2 5 ] mmmm^sM^'&x^mmc^m. 
mm^mm^. v y <p ) ^mm iMmm2^& 

[0 0 2 6] 

[ 0 0 2 7] *l| 1 ■mmi'-m:>?> L E D 1 B 
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o 1^ L € o 1 ^mmm^^m z ^cmt, 

1 0 0 2 8 3 L E D 1 Bffl^©M«iH* 1 A « 

( B ) tmm^mipm ( 1 1 n -s i^isn^ss 
1 Q 1 tLxmrn^tz. as 1 q i k >; xf-zi/ 

( (Ca Hs) 3 B ) y^t^X•7<i'> (PHs) 
(m ) ^#I±M 0 C V D <fc D . 4 5 0 "C "e. a s 

1 0 0 2 9 ] »S 1 0 2 ©figM^IIT Lfclt. 1 10 

Bit. F> F-:/t:-p#Ciy MM* (B P) MA^P. 
l OltaS 1 0 3 ^»jB5-t±fc:o ^1 ©i^MJl 1 

*-v U T?lStJ:l52 X 1 q" c m*' r-Stjfco ^1 
1 O 3 ii:, 3 :e V irT^ 

[0 0 3 0] B 1 ©i^iiw 1 0 ^(DMmmtm^ut 

m.. P H. i::H2i;^M0 C V DBScSgJS^tcj^L-D 20 
■^^ a^PISSSS 1 G 1 OMig* 8 0 0 "CidgT^-ii: 

It. ^(om. m 1 ©ifgg 1 0 3 -ar-r. <C 

Mr) i G a/MJ;^9^;W>v''>i. ( (CHs ) I n ) 
0C V em**), m 1 €)^3feM«a:l 0 5-1 i^:^ 

■r n wm^') yk^'^) tn. • -fyi^^yL. c g a ce, i n 
«.« No.,. Poo. ) a^sttfco n 1 ©5g7t»ssgJi i 

0 5 - 1 ® y >^iMi4. afe=^©:%^*^f#p,njs.j:t;* 

( = so . 0 5) t L . Wff 6 8 n m t Ltc. W. 1 C) 
^%M«JSS 1 0 5 - 1 ±ia©#BEMO C V D 30 

7*(c j; f3 8 0 OXTlKa;^iiftTi|ga&#U "^A • -T V 
S/''5'A (Gao. » I no. 10 N) li*''p,v^^||2 ©^1%)! 

mm 10 5 - 2 ^Sit?c:o ^2 ©^7K««Jt» 1 0 5 
- 2 (Djljptil^ 1 1 0 n m t Lk, M 1 2 ctJISt^ 

a«s 1 0 5-1. 1 0 5 - 2 *ve>^)Si i 0 5*^i 
[0 0 3 1] aii«jif* 1 A(Dmm^m7Vfm. 

m2^^-r*y«»^ttffi CS IMS) {C&D. 

1 o s (Of*!iP©y:/ (P) ii^gif^;:£»Lfco m i © 
Mytrnm^m 105- 1 ©f^gpo^iiwft u ym-j^mm 40 

ttl^jS X 1 0'° m^/ cm . $fc. B2©Jg)tjl«i3Sc 

m 1 0 5 - 2 (Dj^m&^^m^j: u yji^iifiiiiu 4 x 1 
0" m^/cm t^^. mm^mLo cnx*). mi 

RXS^2 (D^^mmi^S 1 0 5 - 1 , 10 5-2 Xli. 

Mi ffM^m i 0 3Avfi©u .> CP ) ji^©MAteffl^ 

[0 0 3 2] SlTtli 1 0 5 «affi®*^§Ptc. 5g7¥;)l 1 
BL/cA u, '^-y^/l/ ' N i ' . A u © 3 SMii^igA^ 

^-fessMS 1 0 7 ^mm. mmmoi-^m * p a so 
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d) MM^mu^^wK&i Qim. mm^mi zo p 

1 0 1 ©sacoiS^Mfca, mSMM 1 0 8 i: LTT/i/ 

• r.y^^V (A 1 • S b ' a-#®««liS*^ 
5>3;^«ffi*EeLr:LED 1 Bjtmm.1t. 
A 1 • S bM»Si©Si)¥{3:|^2 //, m fcLfc=. 1 

#s 1 [2 11] :^mcwMm^ 

mcmmhx. -m^m3 5op.mfr^iEnm(o. m 

[ 0 0 3 3 ] »B«ffi 1 0 7 fcSBWii 1 G 8 t omic 

imic. LED! i*>e.i*mea3^*^^^stife„ na 

m3ic^tm< . m i ©%)fe 
m^mmi g 5 - 1 t-!i(Dnmm^-r^^'LAtE:^ s 

5 - 2 ?bve,®K7telCjitjSf-'^*jL^^6-l* 4 8 1 . 5 n m 

mzti^mm-r^ 2Mfi©^7te*fefce>-r l e d 1 b © 
c d) tm . mm96m&(D&^^^4^-¥mm 

O mA) {3:1^2. 9 VT?^!3. 54^I««E < Vii . HL 
ii^|tl«{t= 1 O f/ A ) {i:5 Vi-;(±i:ft-:3/c„ 

[0 0 3 4] mzmm^i^ ^mzmmifmt. ±ii© 
B iiisiMtia«©r> F-:/i?:pflf©y ( B 
p) ^toimmi^m^i 0 3fcS^5-a:t:««» 1 
0 4 s^ttfcasiijif* 2 A*vP, L E © 2 B ^asg-r^s 

[0 0 3 53 04fc2^||2|lilfi|te«t>^ LEI) 2 B© 
WffiMaH^^-ro *fBl® 1 0 4 m5^©«fiScS*ti. ± 
i3©S 1 »BSfil tm- t L TfeS. IS -3 T. H 4 icg^i/ > 

H imfm2\cw^ufit.m-(Dmi^i:^''^-:^^'x 

[G O 3 6] cjaPBlH 1 G 4 (i;. Ty F— ■?°Tn}g©gfc 
# y "^i* • -r yj^'^i, (G a I n o.« N) mtH't'M 

MLfz. ^y^'^K a m^ ffia^bso. o s < = 5 

%) i:-r^:G ac.95 I n 0.05 N W^g 1 G 4 {±. ( C H 
. ) i G a /' ( C Hs ) 's I n N /Hz S^IIM 0 C V 
DjSfcJ;f5. 8 0 G°Ct?m»fi2€fc:. WbIS 1 G 4 
©»Wilj2 5 irmlcmMLrc . Sfc. 10 4© 

^■^yTr«»{j;S2 X 1 o" cm" tnmt>^fift, 
mmi 0 4 it. mux0m±^m^M3 3 . zevt-t^ 

'^}V'ySiMfmm(DG ao:,E I 110.05 Nl^)>e«figLfco 

[ 0 0 3 7 ] ipmm i 0 4 ±fc. ±15©^ 1 mmmicm 

tgLfc©i:|W!-©«sSc©li)t/Wifi!cS 10 5-1. 10 
5 - 2*Vb;S;SIS7fea 1 O 5 %«^S^Tm{tT. «ii 



(9) 



as 



y (P) mj-mmmi x \ o'' m^ycm tmm^ 
tifc. t fc. w, 1 o^mmmmm i o s ~ i u y 
m^¥mmmB, x i o" li^.-'cm" T^&fj. ^2©?i 

*S»«a 1 0 5 - 2<^)|*ga5© y >ii?|gS{iietii-J(T 

mm i 0 4 wt~rfc^ m ^iiffiii i o s tcitji, 
a-ff ^it^tt^m 1 ©^^teiipsgs 1 Q 5 - 1 

si3©y >ii?riavb^i^8 X 1 o'° m^/ cxx^ (Dmm. 

(i. H r (DitSS 1 0 3*^6ffiaLT*^ y y (P) n 
^^wai/T. m 1 o:>m'mmm i o s - 1 4) y yffl 

Ml Q 4teJ;§|| 1 i 0 3 *v5>ilS(L-r*i.ii 

m (©) *^{3:y:> tP) :ir?C«»fiSto«^3. 

m 1 0 4 1 (Dmmm^ i o 5 - 1 i^o^T^Di^ 
aiaigs©»^K«j ( 1 9 8 9 ¥8^2 Q 0:, m ^ 

- ilt^m m 1 1 f lJ) . 3 7 1 -3 8 4 mWB 

to 0 3 83 Bl:»Mfcg2mL/cfc£0i:ffl0aa«ffi 
1 0 7 i:«B«il 1 0 S^iMLTs L E D 2 B ^ig* 
LfCo «ffi«S 1 0 7 1 0 8 t cOfsltuJIiTJlfl] 

Ic 2 0 mA©»ff«it^;3iMLfe^t{i:. »efe7t*^:% 

6 . 0 n mtt^mBMth . m 2 (Dm^mmMs i o 

5 - 2*v£6D^^fcMJS-ri.#i>L>?^a* 4 7 5. 4 nm 
^StlSfBS-r^ 2Mft©^7fe^fefc ?>-r L E D 2 B © 30 

1 1 0 5 - 1 t (r>m^nm^UM\\i 

S. (V.f. liL)III^|flI«gt= 2 O m A) im^, . 0 V-e 
fe*3, (V«. fiLjiTSl^WM^ 1 0 ^ A ) 

[0 0 3 9] (S3IISII5IJ) *ll3i|lifjl?a. ^IBC 
l|2*SiPJtel5«©G :a<,.:9. 1 noM Mt ttSft^ I I 

[0 0 4 0] El5t*^2||]fiMt'^^^ L E D 3 BtD 

[0 0 4 1 ] ^PbIS 1 0 4 (j;> TV F-7°TMiff^©gft: 
v9'y "^h * G a N ) )I*vp,gfiSc Lrc,:. ff HS 1 0 4 {±, 
( C H. I G a . • N Hi , ' H. s^mMO C V D:^ir J; 50 
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H 1 ©^IS)1 1 0 3©«g-i^:|WIS© ! 0 5 O'CT'M 
llJtS^it/t ,:, cjafaW 1 0 4 & 3 0 n m:te:^^ 

Lfco Sfcis WbWI 0 4O+-^y T8S{i;ltl2 X 1 0 

" cm"' hnM^^nfco WbIs i 0 4 (4. mMxffm 
immmi 3 . 4 e v -r ^ ^^/i/ ywM^m(n g a n 

[0 0 4 :2] *||3^f!)^{±, #i:KS1 0 4*^^211 
tX l ^ SC ticm^. ■t'Kg 1 0 4^ $ 

vfto m\ (mmmi 0 ^ \m^^m:mivmm 1 

0 4T-t)2&*}. TSP^ty T'H i 0 4 - l ^-fefe^G a N 

ji±fc(i;. m 1 ii*Mtia«<©%^ifis*s»-rs 2» 
©^TKSpfiicH 1 0 5 - 1 . 1 0 5 - 2 mm>L as 5 

^fco 2 ©%1^M««S 1 0 5 - 2 ifcti:. (C 
Hs) .G a /NHs /H2^^EM0 G V D?St<:±f3, % 
^teSfiJcS 1 0 5—1 , - 2 < 8 0 0 °CT-€fflfiSc 

m^mz7y^~fxvimffio^^m^±M^'^^3Tm \ 

0 4 - 2 LTi^J&^ii-fco ±a5/^y IT Ml 0 4 - 2 © 

*i'yrMig{*i&5:x;i 0'* cm"' mmmz'Q 

[0 0 4 3] -W^a^-f^t^WM^If^ CS I M 

s j tef3snts\ ^mm \ Q 4 ©i*[ii5©¥i^i§^yi^ 
CP) gysati. m2 msi«©*&j; f?fg< , ^1 X 

1 o'' :g?/' c m' i:^«sn/co mrcD^mm 

«gc» 1 ;0 5 - 1 pqglSO^iteS^gry yii??ififl:1^4 x 
1 O'' W.¥/cm' TfefJ . m2©My£li«a 1 0 5 

- 2 ©p*3i3© y ym¥m&i>tntmmi-^^^o s 
/c. mmmm^mm (t em) sfOTLfcifffiTEM 
^stfj^fta; #ifBW 1 0 4 ("Fg|3/^y t'S i o 4 - 
1 ) tm 1 (ommwmjm 105- 1 o-^T-^m^m 
mx(DimM.mmiMfx& 0 . b 1 ©ifif e 1 0 3 

€.KiStLT*s y y (P ) 'M:fmM iB) (cH^HI-^-f 

to 0 4 4 ] mmmw^s A©«ss^&-r±fii5/^y r 

« 1 0 4 - 2©«ffi2^ail*i|S^«a o 1 ©«B©il 

^ffifc, ^eti^'ti^ 1 usteMiciatt© t © t m i^mmm 
mi 0 imi^xs^mmi q s^ib^L'X. leds b 
^m^Lit. mmmt 0 7t^mmi os ttmic 

©X-^ 5' f^l/^'Tj'-JJ:. B 1 ©^ff;S«s!c» 10 5-1 
i;><DmmcMmt^'P'L'^Si^ 5 6 5. 0 nmilT^m 

S^4 7 2. 2nmtt^m&^tX^-:>fio -MKlft 
ffl^«=&f 'M :LTt|lM*%;SfflSr^ 2 «S©%)fe% 

k b-r L E D 3 B ©^ -y 7°*P.^-e©it¥SH*^ 5 m c d i: 

^itimuM 2 ussi^ijicism© l e d 2 b timmm 
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y m 1 {) 4 - 1 . 1 0 4 - 2 wfmmtt^ct 

icx^ , ±tm^^^^/ h}im'7^ff)mm cfwmh) 

&-ox^ . L E DA^jift^ c 1 1 

= 2 0 mA j {i3^ 3 . OV^^ jffi73(nJ«E (Vs . fit 

©L E D 3 B:6"SS«?tlfco 10 
[0 0 4 5 ] (||4 i:EC>ll3*Sif!li:«aft 

isiffr *^ 4 nfiiMfc^fe 5 1 E Ti0mmmmm 
5 ics^-r a k> . iRiHfcffligc»#fWg i 0 4 

[0 0 4 6] *:S4llilM'eii. ^iMSl 0 4^. Ml 

Poos m<^M0^MM^^^::ffy '^d^<G A) M^M 
m m) ^^tsry¥~-f-xnmcr>mi\:j'Ji'S.=.'^i. ' 20 

:»V^LM^ (A :1«::o2 G ao. N) :*^6«figLfco * 

Ei mwEMoc V D SIC x^. mi (DmMm o^m^t 
mu(f^ 1 0 5 0 °ci?f(iifi!c»s-ti:fco dpmmcDmmi'^ 

3 X 1 o" c m"' l:l.»& 5n/co #Jmi. MMl?© 
1iii:^i|i**93 . 4 e V tt^'^^l'^^mm^f^A 1 
o:oi G ao,5s N:^"'6®^ Lfcc 
[0 0 4 7] #if|SJi»i. ±tB©S3ll»Jfcig«© 30 

fe0i:[iii;f6^ii&t>'±si5/vj rm^. m3<Dmmmc 
ia«©*mci D^itfco **wj4 ©wa»{i:. m 

ir^Wi!^^m^mti^%<D t rs-Drco sfc m i ©si 

MmFfmmm. < s e m) tcK^affimi^ma-eis:. 0 40 

10 0 4 8] ±Mo^mmmmmw,^\.x. mmw& 
tmmm.mtm'^f^Lx . LED^wtfc. SE«ffi 
hmMwmt(Dm\c\mhiH^z z o™ A^KftM^^a^ 



!g«© L E D ^ l; < . B 2 HSIM^^^iciblS LTI^ 
1 0 u m^MS/J^t:•S^;^/l. 2 0 n mX^-Dtz^ -'f5 

x\ ^m^mmmxa. ^mm^mi<D^'^mmmm so 



^112 00 3-2 7 3 4 0 3 
18 

ic i f) , affimiic ftn^ ^TtsssScS^)^ fc ^ ^ tifc 

c: i: *SB^^ D T . f - 'y ©Hit Ul^ 7 m c d i:^ 

{lLllll7^[^«S=2 0mA ) ims. OVtms 
:|S|«J± (Vr. Uh]&3^9M= 1 0 //. A) «i]:9 

10 0 4 9 ] {|g:5-^M) *I0IM 5 MR^ffl 

SfiicL/ciiaSMc. .m2 ®lE»Jg©ri^ :F-y© 'J :/ 

10 0 5 0] *ll 5^Wfc^t5S L E D 4 E ©ifffi» 
jfiigaefc^l^fefcfrro 0i6:tc5^-r L E D 4 Btcfeo 

co o 5 1] m.5wmmK nmm mmfmm 

tgC^n < ©ffraS 1 0 4 ±{c. 8 0 0 °CT-587t)i l O 5 
©figS^&MTLfcfi. «*^fB»SS 1 0 1 ©SS^grN 
;fj3 t©(g:a-|SH^#-e8 5 OXfcS^Lfeo WiM. 

m^ SJteM i os t. r y F— '/■e ni^©¥af*©y > 

{MH (B P ) *^P,^«B2©ltii» i 0 e^S-a-S-ii: 
T^ii-fco 112 ©PiSB 1 0 6 (4. (C^Hi ) 3 P 

mMJt 1 0 6 ©Mist* s B 1 ©itss 1 0 3 tmm--<D 

4 5 0 nmt Ufco :I|2 ©PiMS 1 0 6 {i. Mim 1 0 
[0 0 5 2 ] PS^3Sft 4 A©SEg^llTUfcms -IS 

m^2^$i^:tymm^mm (s i ms) fc»^. *«9 

1 0 4 ©l*lf|5©T:^W^y > (P) 0?fl)S{i;|^4 x 1 

q'' m^:,'' cm tmm^n^co mz. mi o^mmm 
mm 1 0 5 - 1 iHmo^i^m^xvym^mmimz x i 

o " s^/' c m"' xm . mz(DmemmMm i 05- 

2 ©F*gsp©y yM'?mmi^niiirf t^-ot:o ^mm 1 

0 A\c^^m I ©Its* 1 0 3 A^SffiiCLT^Sffl* 

1 0 4 1 cDWftmmmm l 05-1 i;©^-fn1i& 
WB^aiSffiiiWih^f-iTO^S©;^^. «:ffiT E Mf^Slc 

[0 0 5 3] T>F-7°-e nff$©|g2 ©[iigll 1 0 6 © 

tt i 0 7 (i, ii2 ©piii)i 1 0 6 {cs»f2.ij^A • f 

)\^^=.^L. ikn ' G e ) a-^ilfcrs. Au • G e. ' 



(11) 

19 

--y-ir/i^ (M i ) An 3mmmm^^m&Lit. 
wmm3i^mmymmwmi o j^mmiis m 1 1 q 

[I. mt Lfco pB S i WM^mi 1 0 1 

ttt. afflUSi 0 8 fctTr;.U5-'>iA (A l ) 

&^ t~^ -y ^Wi^iHH LT L :E D 4 B Lfc. 

7 So'«ffiitffi 1 0 8 «fMLrcm.. s i mmik i o i 

^ [2 1 11 ^(nIic¥fTS:t)=fiK*:3&[oltc»{|TLT. — 

iiRMilt^B 2 ©gSg 1 0 6 fflij*^ D 10 

tisr:&^<^ L E D 4 ;B L /cc 

Co Q 5 43 mmw&i 0 7 i-«a«« 1 o 8 t^ic 

mni^icz omAmm^mmMMMLicmicii. Mem 
2 omMm i 0 6 ^jijitr L e d a b:*v5> (j waa* 

mvftmmmr^^^-ko *S 5 IMI© L E D 4 B 

m c d tm . m ^^mmm&Bm&^^-v^ 

MftT*fc„ 3:tc. ^mm \0Ahmi (^mftmmmm 20 
1 0 5 - 1 iKDm^m-mo^mtimmm^ufztz^. a 

2 0 m A ) 53:19 3 . 2 V . M^fSmmS. ( V 

n g^SD H«g® L E D LT* 

[ Q 0 5 6 ] *S 6 *SS#[HCS^5 L E D m&SM 30 
:^)^±f 3S 5 «BSf II i: [il D < H 6 0 . 0 5 

^m<D i E D i:i±^)teii©««« m 2 (ommmm& 
m 1 0 5 - 2) »>«^*^c>^^st-r^fe®-^:^s. 

[0 0 5 7 ] *ll 6 HMW-eti. m 2 Of87teJi«)i 1 

0 5-2 ^mfJ yit^'^J 'i'i • (G ao.« 

1 now No. 37 Po.os ) mi^^mmbito mz(omfm 

miWS 1 0 5 - 2 . ( C Hs ) J G a ( CH s) 3 1 n 

/- P H3 / H2 m#J±MO C V D!4fc<t :D , ^ 1 
©M«»«fi!cS 10 5-1 tmi^< 8 0 0 'C^^JSSS-ti: 
fco m 2 ©MP^i^S 1 0 5-2 iDmmime S n m 40 

[0 0 5 8] B2©«)tS«B l 0 5-2©aBt 
±fB«om5^Mfcf3«©¥afc11i.\ r> F-:/ 

T- nm(^ U >'ft«J?)^P.^^II 2 ©ItgH 1 0 6 ^MW 

( P ) %#'£j'lg2 ©M?tS«jj!c» 1 0 5 -2 %ymt L 

^ilgA^tfcP)^=fafc: Sfc, S EMtcftSSSffi^:^^ 
b . ||2 ©:^igS i 0 etfi.. fafi^ ti -y h Ji^eilE 



1fW2 0 0 3-2 7 3 4 0 3 

20 

msmmm i o « «»t^t l e © j^pbScl/c: 
[0 0 5 9 ]' mmmm \ o 7 j^gama 1 0 s tone 

)iR?3[^{i: 2 0 m A©i!i#«^«a?tL/c-:Pgtc. 2 

1 0 6 ^ajit/t L E Dis^^mmB^mt^)^^ 

L E TXDMM^tm 1 0 m c d D . i^^ft® 
0 4 i:^ 1 ®:^^teS»fi!cg 10 5-1 t©g&WS0gl 

mctmm^mxh ©icio^T. s 2 <DnBm 1 0 e 
mx^iz^^s mf3^ms. (v.-. fi wRt[«i«i!=2 0 

mA) Wmi> . 0V1?^15. jE&Ib]*^ CVk. {iLjl 
;^i|it«jt= 1 0 /i A^ .{I;? VJi(it. 05*W®L:E 
O i: t) Mtlft p n g^lHt^S-r^ L E D^^^ft^ti 

[0 0 6 0] 

mcixm2(Di&mmn%mt.^m-^tc p n^g^aft-^ 
xmw^^mm^wm im\<nm^mmim) my 

jfet. m-dx. ^riss^oiST^^s-rspng&syfta- 

[ 0 0 6 1] $7c*l8Biit{Stia\ ^1 (r)%¥tmmM.m 

iiSB©«ffi±ic#^?nfc. 1 1 mmm^mm^ 
m^mis-^mi'j^mmmmMm^mmmhxMmy 

KDm^mm^m^mmzi 1 1 «sftti*»f*tt± 
[00:633 mttmmmtm. ^mm^. m 



(12) 

21 

[0 0 6 5] ^fc^mmicimii^ is^tg^agji^^ lo 
-tm^mmmm^v y^^^mi ^ftimz 

m 1 ] mmmiom immmm^ i e say^mmm 
M 2 ] H 1 tcaf L E B cienix - x ' icm-ofms 20 



^fii2 0 0 3 - 2 7 3 4 0 3 

22 

CH 4 3 *^ij©^2mil«fc^^ L E D®I|f««^^a 

[H5] ^mmmsmmm. mmmmicm^^ led 

[H 63 t^mmcDmsmmm. Il6«»e-MS L E D 

1 A. 2 A. 3 A. 4 A 

1 B. 2 B. 3 B. 4:B LEO 

1:0 1 mm 

1 0 2 «g 

103 Bl'Oltll® 

1 0 4 pms 

10 4-1 -FsP/^y'T'jg 
10 4-2 ±aj/^yr:ji 
1 0 5 

10 5-1 mimmmsmi^ 
1 0 5 - 2 0 2 

10 6 B2®PiMJi 

1 0 7 iSffliHi 

1 {D 8 mmwrn 



m 1 ] 



ffl23 



1 B 



1 0 7 




1 0 5—2 



1 B 



1 0 5 f- I O 5 - Z 
1 OS - 1 
1 0 3 



i 0 2- 



1 0 1 



1 A 



-/ 



1 0 8 



(13) 2 0 0 3 - 2 7 3 4 0 3 




[85 3 



IS 6] 



O S r- 1 0 6 - 2 



1 0 4"^ — 

10 2' 



1 0 7 



1 0 1 



3 B 



0 4-2 



1-0 4-1 
3 A 



1 0 B 



1 OS 



1 0 6 

1 0 5 - 2^ 



p i O 5 - Z-^ 



1 0 4 

10 3 
1 02- 



1 0 7 



0 1 



-4 B 



.4 A 



1 Q & 



